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TRANSACTIONS 

OF  THE 

AMERICAN  ELECTROCHEMICAL  SOCIETY 


PROCEEDINGS 

CONDENSED    MINUTES    OF    THE    THIRTY-SECOND    GENERAL    MEETING 
OF  THE  SOCIETY,   HELD  IN    PITTSBURGH,   PA.,  OCTOBER 

3.  4,  5,  AND  6,  1917. 

Number  of  members  registered,  164;  number  of  guests  regis- 
tered, 189;  total.  353. 

PROCEEDINGS  OF  WEDNESDAY.  OCTOBER  3 

Registration  began  at  the  William  Penn  Hotel,  Pittsburgh,  at 
10.00  A.  M. 

After  lunch,  automobiles  left  the  hotel  for  the  Oakmont  Coun- 
try Ckib,  fifteen  miles  distant,  where  an  informal  assembly  was 
staged,  golf  provided  for  those  who  desired  to  play,  and  an  in- 
formal dinner  partaken  of  in  the  evening. 

At  8.00  P.  M.  the  F'ublication  Committee  and  board  of  Direc- 
tors held  their  semi-annual  meetings. 

PROCEEDINGS  OF  THURSDAY,  OCTOBER  4 

The  session  was  called  to  order  in  the  auditorium  of  the  Wil- 
liam Penn  Hotel,  Pittsburgh,  by  President  C.  G.  Fink,  at  10.00 
A.  M.  President  Fink  introduced  Dr.  John  A.  Brashear,  a  well- 
known  Pittsburgh  scientist  and  philanthropist,  who  made  a 
lengthy  address  of  welcome,  discussing  the  various  private  and 
public  industries  and  institutions  for  which  Pittsburgh  is  famous. 
He  referred  to  the  contribution  of  Pittsburghers  to  science, 
alluded  to  the  fact  that  for  thirty  years  he  was  associated  with 
the  work  of  Professor  Samuel  P.  Langley  ;  also  to  the  work  of 
the  astronomer  Keeler,  of  the  Engineer  Westinghouse,  and  to 
the  beginning  of  the  aluminum  industry  in  Pittsburgh.  Thirty- 
five  years  ago  Dr.  Brashear  paid  $2.50  per  ounce  for  some  alumi- 
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num  to  Frischmuth,  of  Philadelphia,  and  now  it  can  be  bought 
for  less  than  forty  cents  per  pound,  thanks  to  the  works  in  Pitts- 
burgh. Amongst  the  educational  advantages  of  Pittsburgh,  Dr. 
Brashear  mentioned  the  University  of  Pittsburgh  with  3,700  stu- 
dents, the  Carnegie  Institute  of  Technology  with  3,600  students, 
the  Carnegie  Library  with  its  four  branches,  circulating  over  two 
million  books  per  year ;  the  eighteen  city  parks ;  the  Mellon  In- 
stitute of  Industrial  Research — a  model  of  similar  institutions 
now  being  founded  in  different  parts  of  the  world. 

The  chairman  next  called  upon  Mr.  Lawrence  Addicks.  a  repre- 
sentative of  the  Society  upon  the  Naval  Consulting  Board,  to 
speak  of  the  work  of  the  Board  during  the  past  year.  Mr.  Ad- 
dicks spoke  as  follows : 

"It  is  quite  obvious  that  I  cannot  tell  you  just  what  has  been 
done,  and  I  can  only  tell  you  a  word  about  how  it  has  been  done. 
I  think  the  Board  has  been  more  fortunate  than  some  other  official 
bodies  in  Washington,  in  that  it  has  had  the  definite  problems 
and  definite  responsibility  of  one  of  the  Cabinet  Officers.  It  has 
been  able  to  work  more  consistently  and  rapidly  than  some  other 
bodies  not  so  fortunately  placed.  Both  of  your  representatives 
on  the  Board  have  been  busy. 

"Dr.  J.  W.  Richards,  our  other  representative,  has  been  giving 
all  of  his  time  during  the  past  summer  to  reviewing  the  subjects 
that  come  in  from  all  parts  of  the  country,  and  I  am  chairman  of 
the  Committee  on  Special  Problems,  which  deals  with  what  you 
might  call  the  internal  side,  that  is,  organizing  among  the  mem- 
bers themselves,  and  a  few  associates  chosen  by  the  members,  to 
see  what  application  could  be  made  of  these  to  the  solution  of 
our  new  problems. 

"On  the  internal  side,  all  of  the  members  of  the  Board  realize 
they  are  representatives  of  the  bodies  they  represent.  They  wish 
to  work  back  to  the  membership  as  a  whole.  That  has  been 
difficult  to  do  as  a  whole,  as  publicity  comes  in. 

"To  meet  the  exigency  we  got  together  a  limited  number  of 
men  to  whom  the  problems  would  be  made  clear.  Each  member 
of  the  Board  was  asked  to  nominate  ten  men  with  special  quali- 
fications, men  whose  loyalty  we  could  vouch  for.  From  that 
special  list  it  dwindled  down  to  thirty  men.  Early  in  March  we 
met    in    New    York    with    Captain    Simms.    now    Vice-Admiral 


i'koci:i:di.ncs.  3 

abroad,  and  some  officers  who  are  experts  on  some  of  the  tech- 
nical matters.  The  whole  topic  was  developed  for  plans  for 
the  detection  of  submarines,  of  sound  methods,  microphones,  and 
magnetic  and  optical  methods.  The  naval  officers  answered  all 
questions,  and  after  the  meeting  sub-committees  were  formed  and 
laboratory  work  was  started.  One  was  started  on  the  Atlantic 
Coast  to  go  into  the  methods  of  sound  detection  ;  another  was 
started  on  magnetic  and  electrical  methods  of  detection.  There 
has  been  nothing  miraculous  obtained,  but  there  is  progress  in 
these  new  problems,  and  I  hope  this  progress  will  solve  the  prob- 
lem of  detecting  and  annihilating  the  submarine. 

"That  is  about  all  I  can  think  of  in  the  two  or  three  minutes 
I  have,  that  I  feel  at  liberty  to  mention." 

Secretary  J.  W.  Richards  announced  to  the  meeting  some 
actions  taken  by  the  Board  of  Directors  at  its  meeting  the  evening 
before,  such  as  an  appropriation  of  $2,000  to  be  invested  in  Lib- 
erty Bonds  and  the  recommendation  of  holding  a  meeting  of  the 
Society  in  the  Appalachian  South  in  the  near  future  if  it  was 
practicable. 

Reading  and  discussion  of  papers  was  then  taken  up,  and  papers 
as  follows*  were  considered :  Henry  Randall,  J.  L.  McK.  Yardley, 
Robert  Turnbull,  R.  E.  Lowe,  Frank  Thornton,  Jr.,  Haakon 
Styri,  T.  F.  Baily,  T.  D.  Yensen,  E.  D.  Campbell  and  O.  L. 
Kowalke  (read  by  title).  These  papers  and  their  discussions  are 
printed  in  full  in  these  Transactions. 

Luncheon  was  taken  in  the  hotel,  being  complimentary  to  vis- 
itors and  guests  from  the  Pittsburgh  Local  Section. 

At  2.00  P.  M.  six  alternative  visits  were  provided,  one  by 
special  train  to  the  American  Zinc  and  Chemical  Co.  of  Langloth. 
Pa.,  another  to  the  Research  Laboratory  of  the  American  Sheet 
and  Tin  Plate  Co.,  another  to  the  Mellon  Institute  of  Industrial 
Research,  another  to  the  University  of  Pittsburgh,  another  to  the 
Carnegie  Technical  School,  and  one  to  the  Carnegie  Museum. 

In  the  evening,  at  8.00  P.  M.,  Mr.  Alex  Dow,  President  of  the 
Detroit  Edison  Company,  delivered  an  address  in  the  Banquet 
Hall  of  the  William  Penn  Hotel,  on  the  "Production  of  Elec- 
tricity by  Steam  Power,"  which  was  followed  by  general  discus- 
sion of  the  power  problem.  The  address  and  discussion  are 
printed  in  full  in  these  Transactions. 
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Later  in  the  evening  an  informal  reception  was  held,  at  which 
music,  dancing  and  refreshments  were  indulged  in,  the  Pittsburgh 

Local  Section  being  the  hosts. 
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The  meeting  was  called  to  order  at  10.00  A.  ]\f.  by  President 
C.  G.  Fink,  in  the  ballroom  of  the  William  Penn  Hotel.  Papers 
were  read  and  discussed  as  follows:  Carl  Hering,  C.  H.  Viol  and 
G.  D.  Kammer  (presented  by  Mr.  Kammer),  W.  D.  Marshall 
(read  by  title),  L.  B.  Cherry,  C.  W.  Hill  and  G.  P.  Luckey  (pre- 
sented by  Mr.  Hill),  G.  F.  Comstock  (abstracted  by  Secretary 
Richards),  J.  L.  Jones  (two  papers),  L.  C.  Turnock,  O.  W. 
Storey,  J.  Coulson,  T.  S.  Fuller,  O.  P.  Watts  and  N.  D.  Whipple 
I  read  by  title),  W.  D.  Bancroft  (three  papers),  Thos.  French. 
These  papers  and  their  discussions  are  printed  in  full  in  these 
Transactions. 

In  the  afternoon  six  alternative  trips  had  been  arranged,  as  fol- 
lows :  The  Benzol  and  By-product  Coke  Plants  of  the  Briar  Hill 
Steel  Co.,  Youngstown,  Ohio ;  New  Laboratory  of  the  Youngs- 
town  Sheet  and  Tube  Co. ;  The  Atlantic  Refining  Co.  Oil  Works  ; 
The  Owens  Bottle  Works,  Sharpsburg,  Pa. ;  The  Republic  Chemi- 
cal Co.  Detinning  Plant,  Neville  Island ;  The  Radium  Research 
Laboratory  of  the  Standard  Chemical  Co. 

In  the  evening  a  subscription  dinner  was  participated  in  by 
about  200  members  and  guests,  in  the  grand  ballroom  of  the  Wil- 
liam Penn  Hotel.  Entertainment  features  were  liberally  pro- 
vided, and  the  evening  was  most  enjoyably  spent. 

PROCEEDINGS  OF  SATURDAY,  OCTOBER  6 

This  day  was  devoted  entirely  to  a  train  excursion  on  special 
train,  with  complimentary  limcheon,  through  several  of  the  most 
interesting  manufacturing  plants  of  the  Pittsburgh  district. 
Starting  early  in  the  morning  the  following  plants  were  visited 
during  the  day :  Westinghouse  Electric  and  Manufacturing  Co. 
plant  at  East  Pittsburgh ;  National  Tube  Company  plant  at  Mc- 
Keesport ;  the  Duquesne  works  of  the  Carnegie  Steel  Co.,  where 
the  largest  electric  furnaces  in  America  were  seen  in  operation ; 
the  American  Window  Glass  Company  plant  at  Arnold. 

The  whole  excursion  was  admirably  arranged  and  managed 
and  reflected  great  credit  on  the  Pittsburgh  Local  Section.     A 
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souvenir  program  (of  fifty  pages)  of  the  meeting,  admirably 
written  and  illustrated,  provided  with  maps,  etc.,  described  the 
various  visits  and  entertainments  for  the  members  and  guests 
and  those  arranged  for  the  ladies  in  attendance,  and  added  very 
much  to  the  pleasure  and  profit  of  those  taking  part  in  the  meeting. 
At  the  closing  session  the  appreciation  of  the  visiting  members 
was  expressed  in  a  hearty  vote  of  thanks  to  the  industrial  con- 
cerns who  had  so  liberally  opened  their  works,  the  local  members 
and  their  friends  who  had  so  hospitably  entertained  the  visitors, 
and  the  members  of  the  Local  Section  who  had  given  so  un- 
sparingly of  their  time  and  substance  toward  the  success  of  the 
meeting. 
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BRIGGS,    Frank    H.     (Oct.    27,    'ID    Vice-Pre.s.    and    Gen.    Mgr.,    American    Dynalite 

Co.,   Amherst,   Ohio. 
BRIGHT,  Arthur  C.  (July  27,  '17)  Student,  Sigma  Phi  Epsilon  House,  State  College, 

Pa. 
BRINDLEY,   Geo.  F.    (Apr.  3,  '02)   P.   O.   Box  202,  Wilmington,   Del. 
BRISTOL,  W^m.  H.    (Dec.   1.  '06)   Pres.,   The  Bristol  Co.,   Waterbury,   Conn. 
BROCKWAY,  John  P.    (Sept.    27,   '16)   209   Equitable   Bldg.,   Denver,   Colo. 
BROOKFIELD,    Wm.    Bertin    (May    26,    '10)    Superintendent,    Melting    Department, 

Halcomb  Steel  Co.,   Syracuse,   N.   Y. ;   res.   868   Ostrom  Ave. 
BROOKS,  Morgan,  Ph.D.,   M.E.    (.\pr.   3,  '02)   Univ.   of  Illinois,   Urbana,   111. 
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BROOKS,   W.   C.    (Mar.   23,  '12)   Asst.   Supt.,   National  Carbon  Co.;   mailing  address, 

Suite   4,   1448   Highland  Ave.,   Lakewood.    Ohio. 
BROPHY,  Oscar  (Feb.  27,  '14)  Chem.  Engineer,  Ajax  Metal  Co.,   Philadelphia,  Pa.; 

mailing  address,    1919   N.    12th   St. 
BROWX.   C.   J.    (Oct.    22,   '15)    Secretary,    Wjlson-Maeulen   Co.;   mailing  address,    15 

Union  Ave.,   Mt.  Vernon,   N.   Y. 
BROWX,.  Harold   P.    (Apr.    3,   '02)    Elec.   Eng.,    120-122   Liberty  St.,   New  York   City. 
BRC>WX.     John    T.,    Jr.     (May    26,    '10)     Superintendent,    Duquesne    Reduction    Co., 

Pittsburgh,   Pa.;   res.,   544S   Stanton  Ave. 
BROWN.    Dr.    John    W.     (July    31,    '07)     Pres.    and    Mgr.,     The    Cleveland    Electric 

Metals   Co.,   Forest   City   Bank   Bldg.,    Cleveland,    Ohio. 
BROAVX,    M.    J.     (Dec.    31,    '15)    Chief    Chem.,    Roessler    &    Hasslacher    Chem.    Co., 

Plant   DAB,   Perth   Amboy,   N.   J. 
BROWX,   O.   AV.    (Apr.   3,   '02)   Associate   Prof,   in   Chem.,   Indiana  Univ.,   Blooming- 
ton.   Ind.;   res.    420   E.   3d   St. 
BROWN.   Richard  P.    (Aug.   25,  '16)   Pres.,   The  Brown  Instrument  Co.,  Wayne  and 

Windrim  Avenues,   Philadelphia,  Pa. 
BROWN,    W.    G..    B.S.,    Ph.D.     (Apr.     3,    '02)    Prof,    of    Chem.,    Univ.    of    Missouri, 

Columbia,  Mo. 
BROWXE.  deCourcy  B   (Apr.   26,  '13)   Captain  U.   S.   R.,  Ordnance   Dept.,   American 

Expeditionary   Forces. 
BROWNE.  Prof.  Wm.  Hand,  Jr.   (Apr.  3,  '02)  North  Carolina  College  of  Agriculture 

and   Mechanic  Arts,  West  Raleigh,    N.   C. 
BROWNLEE,    Harold  J.    (Dec.    31,   '15)   Redmand   Chem.    Products   Co.,    636   W.    22d 

St..   Chicago,   HI. 
BRUMBAUGH,   A.   K.    (Jan.   26.   '17)   Asst.   Eng.,   Autocar  Co..   Ardmore,   Pa. 
BRYAN,    John   K.    (Aug.    22,   '13)    care   of  Electrolytic   Zinc   Co.,    Colgate,    Baltimoie 

County,  Md. 
BRYN,    Knud   (Nov.   24,  '11)   Director,   Kristiania,   Norway. 
BRYSON,    T.    A.     (Oct.     22,    '15)    Eng.,    Tolhurst    Steel    Co.,    Troy,    N.    Y.  ;    mailing 

addres.s.   222S   loth   St. 
BUCH,   N.  W.    (Nov.    6,   '13)   Mgr.   P.   M.   Evans   Co.,    3707   Ludlow    St.,    Philadelphia, 

Pa. 
BUCHANAN.    Leonard   B.    (Apr.    3,    '02)    Head    of   Chemical   and    Industrial    Dept.. 

Stone  &  Webster,   147  Milk  St.,   Boston.   Mass. 
BUCHERER.    Prof.    Dr.    Alfred   H.    (May   27,   '11)    Professor   of  Physics,    Bonn   Uni- 
versity,  Bonn.   Germany. 
BUCK,   C.   A.    (May   29,    '09)   Vice-President.    Bethlehem   Steel   Co.,    Bethlehem,    Pa. 
BUCK.  H.  AV.    (May  7,  '04)   49  Wall  St.,  New  York  City. 
BUCKIE,   Robert  H.    (Sept.   25,  '09)    care  of  New   York  &  Penna.   Co.,   Johnsonhurg, 

Pa. 
BUHL,  Wm.    CMay   25,  '17)   E.   E.,    ISll   W^ashington,   St.,    Easton,   Pa. 
BULLOCK,   Arthur   R.    (.\pr.   24,   '14)    Electrical   Eng.,    11913   Lake   Ave.,   Lakewood, 

Cleveland.    Ohio. 
BUMGARDNER,    J.    W.     (Aug.    25.    '16)    Metallurgist,    and    Supt.    Chill    Roll    Dept., 
Wheeling    Mold    and    Foundry    Co.,    Wheeling,    W.    Va. ;    mailing   address,    4    19th 

St..  Warwood,  "W.  Va. 
BURDICK,   E.   C.    (Oct.    21,  '16)    Chemist,   Dow   Chem.    Co.,   Midland,    Mich. 
BURGER.  Dr.  Alfred   (Aug.   26,  '10)   P.   O.   Box  314.   Newark.   N.   J. 
BURGESS.   C.   F.    (Apr.   3,   '02)   President,   C.    F.   Burgess  Labs.,   625   Williamson' St., 

Madison,   "Wis. 
BURGESS,   Louis   (May  2,  '17)   care  of   Standard  Oil   Co.,    Bayonne.    N.   J. 
BURKE,  Wm.   E.    (Aug.   25,  '17)   Instructor  in   Chem.,   Stanford  University,   Cal. 
BURMAX,   Birger  F.    (Dec.   31.   '14)    1717   N.    o3d   St..    Philadelphia.   Pa. 
BURNS,    Willis    T.     (Nov.    6,    '03)    Supt.,    Electrolytic    Refinery,    Boston    and    Mont. 

Cons.   Cop.   S.   and   Min.   Co.,   Great   Falls    Mont. 
BURT,  G.   G.    (May  2.  '17)   Foreman  Plater,   15517   Center  Ave.,   Harvey,    111. 
BURT,     Milo    C.     (Oct.     3,    '17)     Director,     Exp.    Lab.,     care    of    Atlas    Powder    Co., 

Tamaqua,    Pa. 
BURT-GERRAXS,   J.   T.    (Jan.    27,   '12)   Lecturer  in  Electrochemistry,   University   of 

Toronto,   Toronto,    Canada;    res.,    46   Dewson  St. 
BURWELL,  Arthur  W.,  Ph.D.   (Nov.   5,  '04)  Gen.  Mgr.  The  Western  Reserve  Chem., 

Co.,   3434  E.   93d  St.,   Cleveland,  Ohio. 
BUTCHER.  J.  C.    (Sept.   27,  '16)   Prop.  J.   C.  Butcher  Co.,   Hood  River,  Oregon. 
BUSTOS,  Enrique   (Oct.  3,  '17)   Engineer,  Baltimore  Copper  Works;  mailing  address, 

1521    Mt.   Vernon   St.,    Philadelphia.    Pa. 
BUTTERS,   Chas.    (July   1,  '05)    6272   Chabot   Road.   Oakland.   Cal. 
BUTTFIELD,  W\  J.    (Oct.   53,  '14)  Pres.  Vulcan  Detinning  Co.,  Sewaren,.N.   J. 
BUTTS,   Allison    (Dec.   31,  '14)   Asst.   Editor,    Mineral   Industry,    Box   89,    Bethlehem, 

Pa. 
CALDER,    A.    R.    (May   26,    '10)    Met..    Bethlehem    Steel    Co.,    Sleelton,    Pa.;    mailing 

address,   2200  Bellevue   Road,   Harrisburg,    Pa. 
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CALHANE,    D.    F.     CJune    1,    '15)    Prof.    Electro-Chemistry,    Worcester    Polytechnic 

Inst.,   Worcester,    Mass. 
CALLEN,    A.    S.    (Apr.    34,    '14)    Res.    Chemist,    Wedge    Mechanical    Furnace,    Phila- 
delphia;  mailing   address,   3510   N.   16th   St. 
CAMERON,   Frank  K.,   Ph.   D.    (Oct.   7,  '05)  Consult.  Chemist  and  Chem.   Eng.,    320-7 

19th  St.,   N.   W.,   Washington,   D.   C. 
CAMERON,  Walter  S   (Apr.   .3,  '02)   239  W.   136th  St.,   New  York  City. 
CAMPBELL,  P.  A.   (May  2,  '17)   Res.  Eng.,   307  Verona  Ave.,  Newark,   N.   J. 
CANBY,  Robt.  C.   (July  24,  '14)   Consulting  Metallurgist,   334  So.   Main  St.,  Walling- 

ford.  Conn. 
CANET,  B.  Charles   (Aug.   26,  '10)   Gen.   Mgr.,   95  William  St.,   New  York  City. 
CANTLEY,   Thomas    (Mar.    27,   '09)   Gen.   Mgr.,   Nova  Scotia  Steel   &  Coal   Co.,   Ltd., 

New  Glasgow,   Nova  Scotia,   Canada. 
CARDOEN,   Remy    (May   25,   *17)    P.    O.    Box   3463,    Santiago   de   Chile. 
CARGO,   L.    M.    (May    2,   '17)    District   Mgr.,   Westinghouse    Elec.    Mfg.    Co.;    mailingr 

address,   1052  Gas  &  Elec.  Bldg.,  Denver,  Colo. 
CARHART,    Prof.    H.    S.    (Apr.    3,    '02)    Prof.    Emeritus   of   Physics,    Univ.    of   Mich., 

Ann  Arbor,   Mich.;   mailing  address,   277   N.   EI  Molino  Ave.,   Pasadena,   Cal. 
CARLSON,     Birger     (Nov.     5,     '04)     Chemist,     Electrochem.     Work     of     Stockholm 

Superfosfat   Aktiebolag   of   Stockholm,    Sweden;    res.,    Mansbo,    Avesta,    Sweden. 
CARNEGIE,   Ebenezer   (Aug.    28,   '14)    Pres.   and  Gen.   Mgr.,    The   Electric   Steel   and 

Metals  Co.,   Ltd.,  Welland,  Ont.,   Canada. 
CARRIER,   C.   F.,  Jr.    (Mar.   5,   '05)   Dept.   Mgr.,   Rollin  Chem.   Co.;   mailing  address, 

1567-B  Lee  St.,  Charleston,  W.   Va. 
CARRIER,    S.   C.    (Sept.    27,   '16)    Sales   Engr.,   Westinghouse   Elec.    &   Mfg.    Co.,    165 

Broadway,   New   York  City;  mailing  address,   2042   Bedford  St.,  Brooklyn,   N.   Y. 
CARRIER,   W.   H.    (Dec.    31.   '15>    Pres.   and   Chief   Eng.,    Carrier   Eng.    Co.;    mailing 

address,   603   Mutual  Life  Bldg.,   Buffalo,   N.   Y. 
CARSE,    David   B.    (Mar.   4,   '05)    President,   David   B.    Carse   &   Co.,    165    Broadway, 

New   York   City. 
CARSON,  F.  L.   (Aug.  25,  '17)  Gen.  Mgr.,  Pacific  Carbon  Mfg.  Co.,  21st  and  Chanslor 

Ave.,   Richmond,   Cal. 
CARTER,    F.    E.    (Aug.    25,   '16)    Physical   Metallurgist,   Baker   &  Co.,    Inc.,    care   of 

Baker  Platinum  Works,   Newark,   N.   J. 
CARVETH,   H.   R.,    Ph.D.    (Apr.    3,   '02)   Works   Mgr.,    Niagara   Electrochemical   Co., 

Niagara   Falls,   X.   Y.;    res.,    IIS   Buffalo  Ave. 
CARY,  Charles  R.    (May  29,  '09)   Engineering  Salesman,   The  Leeds  &   Northrup  Co., 

4901   Stenton  Ave.,   Philadelphia,   Pa. 
CASE,   Theodore  W.    (Dec.   30,   '16)   Auburn,    N.   Y. 

CASE,   Willard  E.    (Oct.    2,  '02)    196  West   Gene.see   St.,    Auburn.   N.    Y. 
CASE,   Willis  W.,   Jr.    (Nov.   27,   '09)    Denver  Athletic   Club.   Denver,   Colo. 
CASSELBERRY;    Harry    (June   29,   '07)    2218   4th  Ave.,   Altoona,   Pa. 
CASTLE,    S.    N.     (Jan.    27,    '12)    care    of   General    Electric   Co.,    120    Broadway,    New 

York  City. 
CAT.\NI,  Dr.  Remo   (Aug.   31,   '07)    E.   E.,   41,  Via  Babuino,   Rome,   Italy. 
CAL'LKINS,  E.  B.   (Jan.  20,  '17)   V.  P.  and  Sec'y,  Mich.   Steel  Castings  Co.,   Detroit, 

Mich. 
CH.\CE,   R.   T.    (Feb.    24,   '17)    Salesman,  Westinghouse   Elec.   and  Mfg.   Co.;   mailing 

address,   228   4th   St.,   Niagara   Falls,   N.   Y. 
CHADWICK,   R.   A.,   Jr.    (July   27,   '17)    Asst.    Melter,    Anniston   Steel   Co.,    Anniston, 

Ala. 
CHAIj.^S,    Adolphe     (May     29,    '09)     care    of    Chalas    &     Sons,     Finsbury    Pavement 

House,   Finsbury   Pavement,   London,    E.   C,    England. 
CHANDLER,    Dr.    C.   F.    (Jan.    S,    '03)    Prof,    of   Chem.,    Columbia  Univ.,    New    York. 
CHANEY,    N.    K.     (Mar.    27,    '14)    Res.    Chemist,    The    National    Carbon    Co.,    Cleve- 
land, Ohio:  mailing  address,   1614  Wyandotte  Ave.,  Lakewood,  Ohio. 
CHAPIN,    Dr.    H,    C.     (Apr.    22,    '15)    Research   Chemist,    Nat.    Carbon    Co.;    mailing 

address,   1523   Elbur  Ave.,   Lakewood,   Ohio. 
CHAPPELL,   Wm.   C.    (June  28,   '12)    Hydro-Electric  Dept.,   Hobart.   Tasmania. 
CHEDSEY.   Wm.    R.    (.\pr.    24,    '09  1    .^ssoc.    Prof,    of    Mining,    Penna.    State    (College, 

State   College.   Pa.:   mailing  address.   607   West   College  Ave. 
CHERRY,   Louis  B.    (Dec.    31,   '15)    Electrochemist  and   Elec.   Eng.,   care  of   C.    &   C. 

Development  Co.,   Kansas  City,   Mo. 
CHIARAVIGLIO,   Dino    (Apr.   3,   '02)   Piassa   Esquilino  23,   Rome,   Italy. 
CHILD,    Hugh   A.    (Aug.    25,   '16)    Mgr.   and   Supt.,    Bayard    Chem.    Co.,    Woodbridge, 

N.   J. 
CHILLAS,    Richard    B.,    Jr.     (Mav    5,    '10)    Chemical    Engr.,    National    Carbon    Co., 

Cleveland,   Ohio;   res..    1276   W.    112th   St. 
CITO,    C.    C.    (Sept.    26,    '08)    Consulting    Engineer,    Director    and    Gen.    Mgr.,    of   the 

Mines  de  Monte  Zippiri  Sardaigne,    10   Rue   Henri   Marichal,   Brussels,    Belgium. 
CLAMER,    G.    H..    (Apr.    3,    '02)    Ajax    Metal    Co.,    Frankford   Ave.    and    Richmond 

St.,   Philadelphia,   Pa. 
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CLAPP,  E.  H.   (Sept.  4,  '03)   Vice-Pres.,  Penobscot  Chem.  Fibre  Co.,  49  Federal  St., 

res.,  490  Beacon  St.,   Boston,  Mass. 
CLAPP,    Joseph    F.     (Nov.    27,    '09)     Metallurgist,     Rare    Metals    Corporation,    Los 

Angeles,   Cal. ;   res.,    3118   Humboldt  St.,   Los  Angeles,   Cal. 
CLARK,  Walter  G.    (Sept.   28,  '07).  Pres.  Parker-Clark  Electric  Co.,   135   Broadway, 

New  York  City. 
CLARK,   Wm.   J.    (Apr.    3,   '02)    Gen.   Mgr.    Foreign   Dept.,    Gen.    Elec.    Co.,    44   Broad 

St.,   New  York  City. 
CLARK,   Wm.   W.    (May   27,   '11)   Gen.   Mgr.,   Noble   Electric   Steel  Co.,    Heroult,   Cal. 
CLARKE,    Eben   B.    (June    25.    '09)    5201    Westminster   Place,    Pittsburgh.    Pa. 
CLARKE,  F.  E.,  Ph.  D.   (Apr.  3,  '02)   Prof,  of  Chem.,  Dept.  of  Chem.,  West  Virginia 

Univ.,   Morgantown,   W.   Va. 
CLEMENTS,  Frank  O.   (Apr.  29,  'ID   Director,  Dayton  Reseai-ch  Labs.  Co.;  mailing 

address,    101   Far   Hills   Ave.,    Oakwood,   Dayton,   Ohio. 
CLEVENGER,    G.   H.    (Aug.    27,   '09)    Consulting   Engineer,   Butters  Salvador   Mines; 

mailing  address,   381  Hawthorne  Ave.,   Palo  Alto.   Cal. 
CLYMER,  W.  R.   (May  30,  '08)   Factory  Mgr.,  National  Carbon  Co.;  mailing  address. 

13985   Lake  Ave.,   Cleveland,   Ohio. 
COATES,  Jesse   (May  29,  '09)   40  Ocean  Ave.,  Lynn,  Mass. 

COFFIN,    F.    P.    (May   25,   '12)    Electrical   Engineer,    General   Electric   Co.,    Schenec- 
tady,  N.   Y. ;   res.,   69   Bedford  Road. 
COGGESHALL,    G.    W.    (Apr.    3,    '02)    Chem.    Eng.,    The    Inst,    of    Industrial    Rea., 

Washington,    D.    C. :    mailing  address.    2229   California  St. 
COHO,   H.  B.    (Apr.   3,  '02)   United  Lead  Co.,   Ill  Broadway,   New  York  City. 
COHOE,  AV.  P.   (Oct.  2S,  '09)  Consulting  Chemist,   111  Broadway,  New  York  City. 
COLBY,   Ed.   A.    (.A.pr.   3,   '02)    Supt.,   Baker  Platinum   Works,   Newark,    N.   J. 
COLE,   Cha.s.  S.    (Dec.   31,  '15)   Captain.  Ordnance  Dept.,  M.  S.   R. ;   mailing  address, 

820  Penobscot  Bldg.,   Detroit,   Mich. 
COLE,    Edward    R.     (June    25.    '09)    Superintendent    Plants    Nos.    1    and    2,    Acheson 

Graphite   Co.,    Niagara  Falls,    N.    Y. 
COLLETT,   Emil    (Nov.   24,  'ID    9   Lokkeveien,   Kristiana,   Norway. 
COLLETT,    Ove     (Feb.     23,    '12)     Met.     Engr.,     Munkedamsveien    27,     Kristiana,     D. 

Norway. 
COLLINS,    Fred   L.    (Oct.    29,    'OS)    Elec.    Engr.,    Dominion    Iron    and    Steel    Co.,    160 

Whitney  Ave.,   Sydney,   Cape  Breton,   Nova  Scotia,   Canada. 
COLVOCORESSES,    Geo.    M.    (Dec.   31,   '09)   Gen.   Mgr.,   Consolidated  Arizona  Smelt- 
ing Co.,   Humboldt,  Arizona. 
COMEY,    Arthur    M.    (Apr.    29,    '11)    Director,    Eastern    Laboratory,    E.    I.    du    Pont 

de  Nemours   Powder  Co.,  Chester,   Pa.;   res.,   424  E.    13th  St. 
COMSTOCK,   Chas.   W.    (June   27,   '13)    Consult.    Eng.,    1235   First   Nat.   Bank   Bldg., 

Denver,    Colo. 
COMSTOCK,   D.  F.    (Mar.    27,   '14)   Eng.   and  Assoc.  Prof,  of  Physics,   Mass.   Inst,   of 

Technology,   Cambridge,   Mass. 
C0MSTC)CK,  R.  L.    (June  30,  '17)   Chem.  Eng.,  Brown  Co.,  Berlin,  New  Hampshire. 
CONKLIN,    E.    B.     (Oct.    21,    '16)    Eng.    Semet    Solvay    Co.,    236    W.    Borden    Ave., 

Syracuse,  N.   Y. 
CONNELL,     H.     R.     (May    26,    '10)    Allegheny    Steel    Co.,     Brackenridge,     Pa.;     res., 

Tarentum,   Pa. 
CONVERSE,    Vernon    G.     (Oct.    29,    'OS)    General    Mgr.    and    Chief    Engineer,    The 

Ontario  Power  Co.;   P.   O.   Box   496,   Niagara   Falls,    N.    Y. 
CONVERSE,  W.  A.   (Nov.   27,  '09)   Secretary  and  Chemical  Director,  Dearborn  Drug 

and  Chemical  Co.,  Chicago,  111.:  mailing  address,   4320  Greenwood  Ave. 
COOK,   Edw.  B.    (May  5,  '10)    1568   E.   108   St.,  Cleveland,   Ohio. 
COOK,    Roy   J.    (June   30,    '17)    Student,   Mass.    Inst,   of  Tech.;    mailing  address.    940 

Albemarle  Road,    Brooklyn,   N.   Y. 
COOLIDGE,    Wm.    D.     (June    27,    '13)    Asst.    Director,    Res.    Lab.,    Gen.    Elec.    Co., 

Schenectady,   N.  Y. 
COOPER,     H.     C.     (Nov.     26,    '15)     Prof,    of    Physical    Chem.,     Syracuse    University, 

Syracuse,    N.    Y. 
COOPER,  K.  F.    (Feb.   27,  '09)   Vice-Pres.,  American  Cyanamid  Co.,   511  Fifth  Ave., 

New   York  City. 
COPE,  F.   T.    (Jan.   25,  '13)   Engineer,   care  of  Electric  Furnace  Co.,   Alliance,   Ohio. 
COPEMAN,    L.    G.     (Aug.    25,    '16)    Designing    Eng.,    Copeman    Electric    Stove    Co., 

1715  Detroit  St.,   Flint,   Mich. 
CORBIN,   J.   Ross   (May   26,   '10)    Boyerstown.    Pa. 
CORNING,   Christopher  R.    (July  21,  'ID    36  Wall  St.,   New  York  Citv;   res..   Tuxedo 

Park,   N.   Y. 
CORNTHWAITE,     Hayden     (Sept.    25,    '09)    care    of    2     The    Avenue,    Brimsdown, 

Middlesex,   England. 
CORSE,  Wm.   M.    (May   5,  '10)   Mgr.   Bronze  Dept.,   The  Titanium  Bronze  Co.,    Inc., 

Niagara  Falls,  N.  Y. ;  res.,   106  Morris  Ave.,   Buffalo,   N.   Y. 
COTTRELL,     F.    G.     (Dec.    2S,    '12)    Chief    Metallurgist,    U.    S.    Bureau    of    Mines, 

Washington,   D.   C. 
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COWAN,  "Wm.  A.   (May  5.  'lO)  Assistant  Chemist,  Research  Laboratories,  National 

Lead  Co.,    129   York  St.,   Brooklyn,   N.   Y. 
COWLES,   Alfred  H.    (Apr.    3,   '02)    The  Elec.   Smelt,   and  Aluminum  Co.,    P.   O.   Box 

S4,   Sewaren,   N.  J. 
COWLES,  Harry  D.   (Dec.  2S,  '12)   Res.  Chemi-st,   166  N.   17th  St..   East  Orange,  N.  J. 
COWPER-COLES,    S.     (Oct.    10,    '03)    1    and    2    Old    Pye    St..    Westminster,    London, 

S.    ^V.,     England;    mailing    address,     "The    Cottage,"     French     St.,     Sunbury     on 

Thames. 
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GILBERTSON,  H.  A.   (Apr.  2,  '13)  Mgr.  and  Jr.  Member  of  Firm,  Gilbertson  &  Son, 

7561  Pratt  Ave.,   Edison  Park,  111. 
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GOODWIN,   W.   L.,   D.Sc.    (Apr.    3,   '02)    Director,    School  of  Mining,    Kingston,   Ont., 

Canada. 
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Buckingham,   Quebec,   Canada. 
HAMBUECHEN,  Carl  (Apr.  3,  '02)  Sec'y  and  Asst.  Gen  Mgr,,  American  Carbon  and 

Battery  Co.,   East  St.  Louis,   111.;   mailing  address,    4   Pennsylvania  Ave.,   Belle- 
ville,  111. 
HAMILTON,  E.  H.   (Oct.  22,  '15)  Metallurgist,  The  Consolidated  Min.   &  Smelt.   Co. 

of  Canada.   Ltd.,  Trail,   B.   C,  Canada. 
flAMISTER,  Victor  C.  H.   (Apr.   27,  '12)   521  N.  Henry  St.,   Madison,  Wis. 
HAMOR,  W^m.  A.    (Aug.   25,  '17)   Asst.  Director,  Mellon  Inst.;  mailing  address,   1030 

Victoria  Ave.,   New  Kensington,   Pa. 
HANCOCK,    H.    Lipson    (Mar.    2fi,    '10)    General    Manager,    The   "U'^allaroo    &   Moonta 

Mining  &  Smelting  Co.,   Ltd.,   Moonta  Mines,   South  Australia. 
HANKS,  A.  A.    (July  27,  '17)   Chem.  and  Met.;  mailing  address,   630  Sacramento  St., 

San  Francisco,   Cal. 
HANLEY,    Herbert    R.     (Apr.    26,    '17)    Supt.    Electrolytic    Zinc    Plant,    Mammoth 

Copper   Co.,    Kennett,    Cal. 
HANSCOM,   Wm.    W.    (May   27,   'ID    Consulting   Elec.    Engr.,    848    Clayton   St.,    San 

Francisco,    Cal. 
HANSEN,  C.  A.    (May  6,  '05)   183  J  St.,   Salt  Lake  City,   Utah. 
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HANSON,   Hugo  H.    (May   22,   '14)   Director,   Eastern   Mfg.   Co.,    South   Brewer,   Me. 
HARDCASTLE,  Yellott  F.    (Oct.   22,  '15)   Supt.   Pennsylvania  Salt  Mfg.   Co.,  Wyan- 
dotte,  Mich. 
HARDIE,    Chas.    G.    (Nov.    26,    '15)    Construction   Dept.,    General   Electric   Co.,    1001 

Electrical   Bldg.,   Buffalo,    N.    Y. 
HARIG,    Fred.    C.    (July    27,    '17)    Electrochemist,    care    of    C.    M.    Hall    Lamp    Co., 

Rivard  and  Handcock  St.,   Detroit,   Mich. 
HARPER,  H.  A.   (Dec.  31,  '15)  Foreman,  Tailing  Retreatment  Plant,  care  of  Braden 

Copper  Co.,  Rancagua,  Chile. 
HARPER.  Dr.  H.  W.    (Apr.  3.  '02)  Univ.  of  Texas,  Austin,   Texas;  mailing  address, 

2216   Rio  Grande  St. 
HARPER,  John  L,.   (Apr.  6,  '07)   Chief  Eng.,  Hydraulic  Power  Co.;  res.,   148  Buffalo 

Ave.,   Niagara  Falls,   N.  Y. 
HARRIS,    Jonathan    W.     (Sept.    26,    'OS)    Research    Chemist,    Western    El.    Co.,    463 

West  St.,  New  York  City. 
HARRIS,  Joseph  W.   (Apr.  3,  '02)  Patent  Lawyer,  3105  ISth  St..  N.  W.,  Washington, 

D.   C. 
HART,    Edw.,    Ph.D.     (Aug.    7,    '02)    Prof,    of    Chemical    Eng.,    Lafayette    College, 

Easton,   Pa. 
HART,    L.    O.    (Nov.    27,    '09)    Electrical    Engineer,    Driver   Harris   Wire    Co.,    Harri- 
son,  N.  J.;  res.,   232  "Washington  St..  Hoboken,  N.  J. 
HARTLEY,    Robt.    H.     CDec.     27.    '07)     Chemist,    Hartley    Bldg.,    Fourth    Ave.    and 

Smithfield  Sts.,   Pittsburgh,   Pa. 
HART"\,VICK,  Frank  A.    (Oct.   21,  '16)    3476  Boulevard,   Jersey  City,   N.   J. 
HARVEY,  Frederic  A.    CApr.  22,  '15)   Physicist,   Solvay  Process  Co.,  care  of  Labora- 
tory,  Syracuse,    N.   Y 
HASLWANTER,  Chas.    (Apr.   3,  '02)   447   Spruce  St.,  Richmond  Hill,  L.   I.,   N.   Y. 
HASSLACHER,    Jacob     (Nov.     26,    '07)    Pres.,    Roessler    &    Hasslacher    Chem.    Co., 

100   William  St.;   P.   O.   Box  1999,   New  York  City. 
HATCH,    Israel    (Oct.    28,    '09)    Asst.    Superintendent,    Elgin    National    Watch    Co.. 

Elgin,  111. 
HATZEL,   J.   C.    (Api\    3,   '02)    Pres.   Hatzel   &  Buehler  Inc.,    373  Fourth   Ave.,   New 

York  City. 
HAWKINS,  Laurence  A.    (Apr.  27,  '12)  Electrical  Engineer,   Research  Laboratories, 

General  Electric  Co.,   Schenectady,   N.  Y. 
HAYES,    Geo.    W.    (Mar.    26,    '10)    care    of   Marconi   Wireless    Tel.    Co.    of   America, 

Aldene,   N.   J. 
HAYES,  Junius  J.    (Sept.   27,  '16)  Pleasant  Grove,  Utah  Co.,  Utah. 
HAYNES,   Justin  H.    (Mar.    24,   '16)    Metallurgical  Eng.,   Vindicator  Con.    Co.,   Inde- 
pendence, Colo. 
H.\YWARD,    Robert    F.    (Jan.    29,    '10)    General    Manager,    Western    Canada    Power 

Co.,    Ltd.,   Vancouver,   B.    C,   Canada. 
HAZELETT,   C.   W.    (May  2,   '17)    Storage   Battery  Eng.,   National;   mailing  address, 

'12S16    Franklin   Ave.,    Lakewood,    Ohio. 
HEATH,   H.  E.    (Apr.  3,  '02)   S3   Court  St.,   Newark,  N.   J. 
HE.\TH,   R.*  F.    (Oct.   21,  '16)   Chem.   Eng.,   care   of  Franklin  Chem.   Co.,   P.   O.    Box 

740.   Billings,  Mont. 
HEDDEN,   Stanley  E.    (Feb.   24,   '17)   Foreman,   Electroplater  and  Chem.    Enameled 

Metals  Co.;   mailing  address,   216   Fifth  St.,  Aspinwall,   Pa. 
HEDIN,   Joseph  E.    (Apr.   22,  '15)    General   Supt.,   North  American  Pulp   and  Paper 

Co.,   Chandler,   P.   Q.,    Canada. 
HEDLUND,     Marten     (Apr.     1,     '05)     Managing    Dir.,     GuU.spangs     Elektrokemiska 

Aktienbolag,    Gullspang,    Sweden. 
HEDSTROM,  E.  S.   (Jan.  26,  '17)  E.  E.  and  Mech.  Eng.,  38  Wood  St.,  Toronto,  Ont., 

Canada. 
HEITM.\NN,  Edward   (Sept.  26,  '08)  Elec.  Eng.,  care  of  Canadian  Crocker-Wheeler 

Co.,   Ltd.,   Belleview   Terrace,    St.   Catherines,   Ont.,   Canada. 
HELFENSTEIN,    Dr.    Alois    (June    21,    '11)    Consulting    Engineer,    Bastiengasse    50, 

Vienna,    XVIII,    Austria. 
HELFRECHT,  A.  J.    (Mar.   24,  '16)   C.   F.   Burgess  Labs.,   Madison,  Wis. 
HEMINGWAY,    Frank    (Nov.    26,    '07)    Pres.    Hemingway    &   Co.,    Inc.,    No.    C,    East 

Union  Ave.,   Bound  Brook,   N.  J. 
HENDERSON,  C.  T.    (Mar.  24,  '16)   Submarine  Boat  Corp.,   P.   O.  Box  456,   Newark, 

N.   J. 
HENDERSON,    Ernest    G.     (June    1,    '15)    Pres.,    care    of    The    Canadian    Salt    Co., 

Windsor.   Ont.,   Canada. 
HENDERSON,   John  B.    (Dec.    26,   '13)    Government  Analyst,    Bri.sbane,   Queensland, 

Australia. 
HENDRIE,   G.  A.    (Nov.   27,  '14)   P.   O.  Box  36,  Elizabeth.   N.   J. 
HENDRY,  W.  Ferris   (Nov.   26,  '07)   Engineer,   463  West  Sc,   New  York  City. 
HENSEN,   Emil   (May  26,  '10)    1200   State  Ave.,   Coraopolis,   Pa.  , 
HERAEUS,  Dr.  phil.  Wilhelm,  Firm  of  W.  C.  Heraeus,  Ltd.,   Hanau,   Germany. 
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HERING,    Carl     (Apr.    3.    '02)    D.Sc,    Consult.    Elec.    Eng.,    210    S.    Thirteenth    St., 

Philadelphia,    Pa. 
HERRESHOFF,    James   B.,   Jr.    (May    27,   '14)    Consult.    Eng.,    524    Beech   St.,   Rich- 
mond  Hill,    Long   Island,    N.   Y. 
HERTY     C.    H.     (Oct.    22,    '15)    Editor,    The    Journal    of    Industrial    &    Engineering 

Chem.,    35    East   41st   St.,   New   York   City. 
HERZ,    Alfred    (Feb.    27,    '14)    Testing   Engineer,    Public   Service    Co.    of    N.    Illinois, 

Room   1322,   72  W.    Adams  St.,    Chicago,    111. 
HERZOG,    G.    K.     (Feb.    27,    '09)    Electrometallurgical    Co.,    Niagara    Falls,    N.    Y. ; 

mailing  address,    S   Ericson  Place. 
HESS,    Frederick   M.    (Nov.    27,    '09)    President    and    General    JIanager,    Inyo    Tele- 
phone   Co.,    Bishop,    Cal. 
HESS,    Henry    (Feb.    25,   '11)    308   Bailey  Bldg.,   Philadelphia,   Pa. 
HESSOM,    B.    F.,    Jr.    (May    26,    '10)    General    Inspector,    Duquesne    Light    Co.,    435 

Sixth'  Ave.,   Pittsburgh,   Pa.;    res.,    136    Fifth   St.,   Aspinwall.    Pa. 
HIBBARD,   Henry   D.    (.May   30,  '08)   Consult.    Eng.,    144   E.   Seventh   St.,    Plainfield, 

N.   J. 
HIBBERT,    Harold    (Apr.    22,   '15)    Research   Chemist,   care   of   Ralph   L.    Fuller   Co., 

2  Rector  St.,   New   York  City. 
HICKS,    Edwin    F.     (May     26,    '10)    Chief    Chemist,    Victor    Talking    Machine    Co., 

Camden,    N.   J.;    res.,    4837   Pairmount   Ave.,    Philadelphia,    Pa. 
HIGASHI,    Sentaro    (Sept.    15,    '15)    Met.    and   El.    Met.    Eng.,    Ikuno    Mine.    Tajima, 

Japan. 
HIGGINS,   Aldus  C.    (Sept.    4,   '02)    Sec'y   and  Gen.   Counsel,   Norton  Co.,   Worcester, 

Mas.s. 
HILDEBRAND,  Joel  H.    (Oct.   1,  '12)   306   N.   35th  St.,  Philadelphia,   Pa. 
HILL,    Nicholas    S.,    Jr.    (Nov.    27,    '09)    Consult.    Eng.,    100   William   St.,    New    York 

City;   res.,   3S1   William   St.,   East  Orange,   N.   J. 
HILL,   Stafford   (Jan.   27,  '12)   Electrician,   No.    1,   Bridge  St.,   Stafford,    England. 
HILLEBRAND,    W.    A.    (July    27,    '17)    E.    E.,    Pacific    Gas    and    Elec.    Co.;    mailing 

address,  445  Sutter  St.,  San  Francisco,  Cal. 
HILLIARD,   John   D.    i  Sept.    26,   'OS)   Glen  Falls,   N.   Y. 
HILLS,   Leander   H.    (June  30,   '17)    Student,   Mass.   Inst,    of   Tech.;    mailing  address, 

30    Elm   St.,    Gloucester,    Mass. 
HINCKLEY,   A.    T.    (May   25,   '12)    Chemist,    National   Carbon   Co.;    res.,    2    C   Street, 

Niagara   Falls,    N.   Y. 
HINTON,   Geo.   B.    (Nov.  24,  '16)   Consult.   Met.,   3  a  Tabasca  No.   69,   Mexico.   D.   F., 

Mexico. 
HIORTH,   Albert  C.   F.    (Dec.   31,   '10)   Josefinegade  13,   Christiania,    Norway. 
HIORTH,    Frederick    V.    L.     (Dec.    26,    '07)    Electrochem.    Eng.,    Josefinegade    19,    I, 

Christiania,   Norway. 
HIRSCH,   Alcan   (June  29,   '07)   Consulting  Chemical   Engineer,   50   E.    41st   St.,   New 

York  City. 
HIRSCHL.\ND,    Franz   H.,    Dr.    Ing.    (Dec.    27,    '07)    Mgr.,    Goldschmidt   Chem.    Co., 

60  Wall  St.,   New  York  City. 
HIRSHFBLD,   C.   F.    (May  25,  '17)   Chief  of  Res.  Dept..   Detroit  Edison  Co.;   mailing 

address,    IS   Washington  Ave.,    Detroit,    Mich. 
HITCHCOCK,  Fanny   R.   M.   (May  1,   '06)   403S  Walnut  St.,   Philadelphia.   Pa. 
HITCHCOCK,   Halbert  K.    (Oct.   2,  '02)   5710   Bartlett  St.,   Pittsburgh.   Pa. 
HITE,   B.   H.    (Apr.   4,  '03)   W.   Va.   Exp.   Station,   Morgantown,   W.   Va. 
HITNER,  Harry  F.   (July  27,  '17)  Pittsburgh  Plate  Glass  Co.,  515  4th  St.,  Oakmont, 

Pa. 
HOBSBAWN,    I.    B.    (July    27,    '17)    Consult.    Tech.    Chem.,    Messrs.    Gibbs    &    Co., 

Valparaiso,    Chile. 
HOEFT,    Eliot    (July    27,    '17)    Efficiency    Eng.,    American    Chem.    Products    Co.,    23 

Liberty   St.,    New   York   City. 
HOFFMANN,  John   (Mar.   26,  '15)   Supt.  of  Copper  Refinery,   Balbach  Smelt.   &   Ref. 

Co.,   193   Smith  St.,   Newark,   N.   J. 
HOFFMANN,     Rudolph     (Dec.     26,    'OS)    Prof,     of    Metallurgy.    Kgl.    Bergakademie, 

Clausthal,    Germany;    mailing  address,    221   Bergstrasse. 
HOGABOOM,    Geo.    B.    (Feb.    25,    '11)    care   of   Scovill    Mfg.    Co..    Waterbury,    Conn.; 

mailing  address,   561   Stanley  St.,   New  Britain,   Conn. 
HOGE,  J.   F.   D.    (Apr.   6,   'ID   The  Maintenance  Co.,   417   Canal   St.,   New  York  City; 

res.,   509  W.   121st  St.,   New  York  City. 
HOLE,    Ivar    (Nov.    26,    '15)    Asst.    Supt.,    Evje    Smelter,    Evje   per   Kristianssand   8, 

Norway. 
HOLLAND,   Walter  E.    (Aug.    5,   '05)    Res.    Eng.,    Philadelphia   Storage   Battery   Co., 

Ontario  and  C  St.,   Philadelphia,  Pa. 
HOLLER,    H.   D.    (Nov.    26,   '15)    Asst.    Chemist,    Bureau   of   Standards,    Washington, 

D.   C. 
HOLMES,  Major  E.   (Oct.  23.  '14)  Chemcal  Eng.,  Nat.   Carbon  Co.;  mailing  address, 
1459  Arthur  Ave.,   Cleveland,   Ohio. 
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HOI. STEIN,   Leon   Stuart    fSept.    28,    '12)    N.    J.    Zinc   Co.,   Palmerton,    Pa.;    mailing 

address,    477   Columbia   Ave.,    Palmerton.    Pa. 
HOLTON,    Fred.    A.    (Apr.    2,    '04)    Chemist   in    Patent   Causes,    700    10th   St.,    N.   "W., 

Washington,    D.    C. 
HOMMEL,     Rudolf    P.     (June    2,    '16)     Asst.     Secretary,     American    Electrochemical 

Society,    Lehigh   University,   Bethlehem,    Pa. 
HOOD,   B.   B.    (July  23,  '15)   Asst.   to  the  Supt.,  U.   S.  Metals  Refining  Co.,   Chrome, 

New   Jersey. 
HOOKER,    Albert    H.    (Feb.    27,    '09)    Hooker   Electrochemical   Co.,    Niagara    Falls, 

N.   Y. 
HOPKINS,    Geo.    A.    (Feb.    25,   "11)    Metallurgist,    Carnegie   Steel   Co.,    JIunhall,    Pa.; 

les..    464    Swissvale   Ave.,   Wilkinsburg,    Pa. 
HORNSEY,   John   W.    (May   5,   '10)    Consulting   Engineer,    Summit,   N.   J. 
HORSCH,  'Wm.   G.    (Apr.   26,   '13)   Graduate  Student,   Dept.   of  Chem.,   Univ.   of  Cali- 
fornia,   Berkeley,    Cal. 
HOSFORD,    Wm.    F.    (Oct.    22,    '15)    Eng.    of   Methods,    Western   Electric   Co.,    Haw- 
thorne Works,  Chicago,  111. 
HOSKINS,   Wm.    (Apr.    3,   '02)    Suite   2009,    Harris   Trust   Bldg.,    Ill   W.    Monroe   St., 

Chicago,   111. 
HOUGH,   Arthur   (May  1,  '06)   Curtis  &  Harvey,   Ltd.,   400   St.   James  St.,   Montreal, 

Canada. 
HOWARD,    Geo.   M.    (Apr.    3,   '02)    19th   St.   and   Allegheny   Ave.,    Philadelphia,    Pa. 
HOW'ARD,    Henry    (Apr.    3,   '02)    36   Amory   St.,    Brookline,    Ma.ss. 
HOWARD,    L.   E.    (May   29,   '09)    Metallurgist,    Simonds   Mfg.   Co.,   Lockport,    N.    Y. ; 

mailing  address,   493   East  Ave. 
HOAVARD.    Prof.    S.    Francis    (Apr.    3,    '02)    Prof,    of   Chem.,    Norwich   Univ.,    North- 
field,    Vermont. 
HOWARD,    W.    D.    M.    (Sept.    27,   '16)    Consult.    Eng.,   Industrial    Development    Syn- 
dicate;  mailing  address,   1074  Union  St.,  San  Francisco,  Cal. 
HOWE,  David   (Sept.   27,  '16)   Foreman,   Reed  &  Barton,   16  Rockland   St.,   Taunton, 

Mass. 
HOWE,    Prof.    Henry    M.     (Aug.    7,    '02)     Professor    of    Metallurgy,    Columbia    Uni- 
versity,  New  York  City;  res..   Broad  Brook  Road,   Bedford  Hills,   N.   Y. 
HUBLEY,    Warren    F.    (May    24,   '13)    Pres.,    American    Transformer   Co.,    145    Miller 

St.,   Newark,    N.   J. 
HULETT,  Geo.  A.    (Apr.   2,  '04)  Princeton  Univ.,   Princeton,  N.  J. 
HUMBERT,   Ernest  P.    (Mar.  27,  "09)   Box  26,  Welland,   Ontario.   Canada. 
HUNT,   A.   M.    (Apr.   3,   '02)   Consult.   Eng.,   55   Liberty  St.,   New  York   City. 
HUNTER,   J.   Vincent    (Jan.   28,   '11)   Gen.   Foreman   of   Shops,   Twin   Cities   St.    Rail- 
ways Co.;    mailing  address,    1.t2  Arthur  Ave.,   Minneapolis,   Minn. 
HUNTER,   M.   A.    (Apr.   29,   '11)    Assistant   Professor,    Phy.-^ics  and   Electrochemistry, 

Rens>^elaer  Polytechnic  Institute,    Troy,   N.    Y. ;    res..    8   Whitman   Court. 
HUNTOON,   Louis  D.    (May   27,   '14)    115   Broadway,    New   York   City. 
HURUM.   Frederick    (Nov.    26,   '15)    Mass.   Inst,   of   Tech.,   Westmoreley   Court.    Cam- 
bridge,  Mass. 
HUTCHINGS,    Chas.    F.    (June    27,    '13)    Gen.    Mgr.    North   American   Chemical    Co., 

Bay   City,    Mich. 
HUTCHINS,   Otis    (Jan.   28,  '11)   Mentz  Apartments,   Niagara  Falls,   N.   Y. 
HYDE,  Edward  P.    (Oct.   29,  '08)  Director,   Nela  Res.  Lab.,   National  Lamp  Wks.   of 

General   Electric  Co.,   Nela  Park,   Cleveland,   Ohio. 
HYDE,    Reed    W.    (Oct.    22,    '15)    Res.    Chem.,    American    Smelt,    and    Refining   Co., 

Murray,  Utah. 
IGAR.ASHI,   Tadao   (Apr.   22,  '15)   Eng.,   Electro   Iron  Reduction  Co.,   Tokio,   Japan; 

mailing   address.   '■'»  Takanawa   Minami-cho,    Shiba-ku,   Tokyo,   Japan. 
IMLAY,    Lorjn    E.     (Dec.    31,    '09)    Superintendent,    The    Niagara    Falls    Power    Co., 

Niagara  Falls,   N.   Y. 
INGALLS,    Walter   Renton    (June    29,    '07)    10th   Ave.    at   36th   St.,    New   York   City. 
INUI.   Kyujiro   (Oct.   26,   '17)    Mitsubishi  Co.,    120   Broadway,   New   York  City. 
lONIDES,    S.    A.    (.\pr.    26,    '17)    Electrochem.    Eng.,    802    Equitable    Bldg.,    Denver, 

Colo. 
ISHIKAW.\,     Ichiro     (Oct.     22,    '15)     Chem.     Eng.,     357     Nishigahara,     Takinogawa, 

Tokyo,    Japan. 
IWAI.    Kyosuke    (May   26,    '10)    Gen.    Supt.,   Yusenji   Copper   Mine,    Komatsu-Machi, 

Nomigun.    Ishikawaken,   Japan. 
JACK,   Geo.  B.,  Jr.    (Oct.  21,  '16)   care  of  Metallurgical  Dept.,   Chalmers  Motor  Co., 

Detroit,   Mich. 
JACKSON,     Alf.     Geo.     (July     30,     '09)     Manager,     Synchronome     Electrical     Co.     of 

Australasia,   Ltd.;   res.,   65  Ann   St.,   Brisbane,   Queensland,   Australia. 
JACOB,   Arthur   (Dec.   30,   '16)    Sterndale,   Hatch   End,   Middlesex,   England. 
JACOBSEN,    Frederik    (Sept.    24,   '10)    Consulting   Engineer,    Kleven   22,    Stavanger, 

Norway. 
JACOESON,  B.  H.    (Mar.   24,  '16)   Research  El.   Met.,   Hooker  Eelectrochemical  Co., 

Niagara  Falls.   N.   Y. ;   mailing  address.   229   Third   St. 
JACOBY,    Henry   E.    (Oct.    21.   '16)    Mech.   Eng.,    436   Convent  Ave.,   New   York   City. 
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JAMES,  Dr.  J.  H.    (Apr.   3,  '02)   Prof,  of  Chem.  Eng.,  Chem.   Dept.,   Carnegie  Tech- 
nical Scliool,    Pittsburgh,   Pa. 
JAMES,   Wm.    F.    (Oct.    21,  '16)    Sales  Eng.,  Westinghouse  Elec.   and  Mfg.   Co.,    227 

W.    Mt.   Pleasant   Ave.,   Philadelphia,   Pa. 
JARVIS,   Erne-st  G.    (Sept.   27,  '16)   Chemist  and  Met.,  care  of  McNab  &  Harlin  Mfg. 

Co.,   Paterson,   N.  J. 
JENISTA,  Prof.   Geo.  J.    (Sept.   24,  '10)   Graduate  Dept.,   Univ.  of  Chicago,  Chicago, 

III.;  mailing  address,  3160  Abbott  Court. 
JENNISON,     Herbert    C.     (Feb.    29,    '08)    with    the    American    Brass    Co.,    Ansonia, 

Conn.  :  mailing  address,   P.   O.   Box  600. 
JEPPSON,  Geo.  N.    (Sept.  4,  '02)   Norton  Co.,  "Worcester,  Mass. 
JESPERSON,  C.   M.    (Aug.   25,  '16)   Sec'y-Treas.,  care  of  Southern  Manganese  Corp., 

Anniston,  Ala. 
JINGUJI,   Genjiro    (May  25,   '17)   Consult.   Eng.,   6S2   Academy  St.,   New  York  City. 
JOHANSEN.    G.    H.     (Aug.    27,    '09)    Civil    Eng.,    Gen.    Sec'y    of    Norwegian    Water 

Power   Co.,    Bankpladsen    1,    Kristiania,   Norway. 
JOHNS,    Morgan   J.    (June   25,   '09)    care  of  Mount  Morgan   Gold  Mining   Co.,   Mount 

Morgan,   Queensland,   Australia. 
JOHNSON,  Arden  R.   (June  2,  '06)  Director  of  Arden  Johnson  Labs.,  Rooms  718-720, 

9   S.   Clinton   St.,   Chicago,   111. 
JOHNSON.   Joseph   A.    (May   25,   '12)    Electrical   Engineer,    Ontario  Power  Co.,    Box 

333,    Niagara   Falls,    N.    T. 
JOHNSON,  J.   E.,  Jr.    (June  1,  '15)   Consult.   Eng.   &  Met.,   52  William  St.,   New  York 

City. 
JOHNSON,    "Woolsey   McA.    (Apr.    3,   '02)    Pres.,    The    Continuous   Zinc   Furnace   Co., 

599   Broad   St.,   Hartford,    Conn. 
JOHNSTON.   Frederick   A.    (Apr.    24,   '09)    Supt.,    Assay   and   Metallurgical   Division, 

The  S.   S.  W^hite  Dental  Mfg.  Co.,   Prince  Bay.   S.   I.,   N.   Y. 
JOHNSTON,    Wm.    A.    (Oct.    10,    '03)    Supt.    of   Mfg.,    S.    S.   White   Dental   Mfg.    Co., 

Prince  Bay,   S.  I.,  N.  Y. 
JONES,   Abner  C.    (May  25,   '17)    Chem.    &  Metallurgist,   care   of   Otis   Elevator  Co.. 

'  Buffalo,     N.    Y. 
JONES.    George    H.     (Oct.    29,    '10)     Power    Engineer,    Commonwealth    Edison    Co., 

Chicago,  111.;  res.,   279  Keystone  Ave.,  River  Forest.  111.      (Oak  Park,  P.  O.) 
JONES     Griiinell    (Nov.    26,    '10)    Chem.    Expert,   U.    S.    Tariff   Com.,    1322    New   York 

Ave.;   mailing  address,   712  Allison  St.,   N.  W.,  Washington,   D.    C. 
JONES,   G.   W.    (Nov.    23,   '17)    Chemist,   U.    S.   Bureau   of  Mines,    5762   Baum   Blvd., 

Pittsburgh,   Pa. 
JONES,    Harold    (May    29.    '09)    Metallurgist,  "The    St.    John    del    Rey    Gold    Mining 

Co.',   Villa   Nova  de  Lima,   Minas  Geraes,   Brazil. 
JORGENSEN,  E.   L.    (Aug.   25,  '16)   Met.   Eng.,   Guggenheim  Bros.;   mailing  address, 

care  of  Chile  Exploration  Co.,  Chuquicamata,  Chile. 
K.\HLENBERG.    Louis,    Ph.D.    (Apr.    3,    '02)    Prof,    of   Phys.    Chem.,    Univ.    of  Wis., 

Madison,   Wis.;   res.,    234   Lathrop   St. 
KAKU,   Juroku    (May   25,   "17)    Nikko   Copper  Refining  Plant,   Nikko.   Japan. 
KALMUS,    Dr.    Herbert    T.     (May    25.    '12)    Vice-Pres.    and    Treas.,    The    Exolon    Co., 

Cambridge,     Mass.;     mailing    address,     Kalmus,     Comstock     &     Wescott,     Inc., 

Engineers    and     Industrial     Res.     Chemists,     156     Sixth     St.,     Cambridge,     Mass. 
KAMEYAMA,    Naoto    (Dec.    31,   '15)    10   Nishikatamachi,   Hongo,    Tokyo,    Japan. 
KaMMERER,    Jacob    A.    (Oct.    28,    '09)    President    and    Gen.    Mgr.,    "Wood   Products 

Co.   of  Canada,    Toronto,   Canada;   res..    87  Jameson  Ave. 
KAMMERHOFF,  H.  H.  M.    (Sept.  27,  *16)   Mgr.,  Coal  Tar  Products  Div.  of  Thos.   A. 

Edison   Inc.,   Bloomfield,   N.   J. 
KANEKO,   Kio.suke    (Sept.    27,   '13)   Prof,   of  Met.,   College   of  Engineering,    Imperial 

Univ.   of  Kyushu,    Fuknoka,   Japan. 
KAO,    Takang    (Dec.    30,    '16)    Mech.    Eng.,    care   of   American   Whaley    Engine   Co., 

136  Federal  Bldg.,  Boston,  Mass. 
K.A.TSURA,    Prof.    Benzo     (May    29,    '09)    Professor    of    Metallurgy,    The    Imperial 

Tokyo    University,    Tokyo,    Japan;    res.,    58    Sendaki-Machi,    Hongo-Ku,    Tokyo. 
KAUFFMANN,    F.    A.    (Aug.    25.    '16)    Chemist,    The    Roessler   &    Hasslacher   Chem. 

Co.,   160  High  St..  Perth  Amboy,  N.  J. 
KA"R'AMURA,  Takeshi   fJune  28,  '121  Kenjiko  Iron  Works,  Mitsubishi  Goshi  Kaihsa, 

Kenjilio,   Kosliu-gun,   Kokai-do,   Korea,   Japan. 
KAWIN,    Chas.    C.    (Nov.    6,    '10)    Pres.,    Chas.    C.    Kawin    Company,    Chicago,    111.; 

res.,   431  S.   Dearborn  St. 
KEEN,  ^^m.  Herbert   (Aug.  25,  '16)   Gen.  Mgr.,  Chemical  Products  Co.,  Washington, 

D.   C. ;   mailing  address,   3210  34th  St.,   N.   W. 
KEENEY,    Robt.    M.     (Nov.    24,    '11)    Mgr.,    The    Ferro    Alloy    Co.,    Denver,    Colo.; 

mailing  address,   1418  Elizabeth  St. 
KEFFER,    Frederick    (Feb.    27,    '09)    Cons.    Eng.    and    Geologist,    610    Hutton    Bldg., 

Spokane,  Wash. 
KEITH,   Dr.   N.   S.    (April  3,  '02)   350  Bullitt   Bldg.,   Philadelphia,   Pa. 
KELLEHER,   James   (Feb.   24,   '17)   Asst.   Eng.,   with   R.    Turnbull;    mailing  address, 

care  of  R.   Turnbull,   Esq.,  Welland,  Ont.,   Canada. 
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KELLER.    Ch.    A.     (June    25,    '09)    Gen'l    Mgr.,    Keller-Leleux    Cie.,    3    Rue    Vignon, 

Paris,   France. 
KELLER.   Ed.    (Apr.  3,  '02)  365  "West  56th  St.,  New  York  City. 
KELLER.   Oran   fOct.   23,  '14)   Chemist,  U.   S.  Metals  Ref.   Co.,   253  George  St.,  New 

Brunswick,    N.   J. 
KELLY,  Dr.  John  F.    (Apr.  3,  '02)   Stanley  Elec.  Mfg.   Co.;  res.,  284  W.   Housatonic 

St.,    Pittsfield,    Mass. 
KELLOGG,  Harry  W.    (Jan.  29,  '09)   Gen'l  Mgr.,   National  Electrolytic  Co.,   Niagara 

Falls,   N.   Y. 
KEMERY,    Philo    (May   29,   '09)    Metallurgical   Engineer,    Crescent   Works,    Crucible 

Steel   Co.   of  America,   Pittsburgh,   Pa, 
KEMMER,    Frank    R.     (Feb.    25,    '11)    The    Aluminum    Co.    of    America,    Whitney, 

North  Carolina. 
KEMPER,    David   A.    (Oct.    21,    '16)    Chemist,    Marden.    Orth    &    Hastings,    Newark, 

N.   J.;   mailing  address,    1144   President   St.,   Brooklyn,   N.   Y. 
KENAN,   Wm.    R.    (Apr.   3,   '02)    433   Locust   St..   Lockport,   N.   Y. 
KENNEDY,   A.  M.    (Sept.    27,  '16)    Staff  Eng.,   Edison  Lab.,   Orange.  N.   J. 
KENNEDY,   J.  J.    (May  9,  '03)   Enigneer,   52   Broadway,   New  York  City. 
KENNEDY,    T.    O.     (Apr.    26,    '16)    Gen.    Mgr.,    The    Mass.    Electric    and    Gas    Co., 

Massillon.   Ohio. 
KENRICK,    Frank    B.     (Apr.    26,    '13)    Associate    Prof.    Chem.,    Univ.    of    Toronto, 

Toronto,   Canada;   res.,   77  Lonsdale  Road. 
KENT,  Jas.   M.    (Sept.   4,   '03)   Consult.   Eng.   and   Teacher  and  Engineer  of  Applied 
Steam    and    Electricity,    Manual    Training    School,    2446    Harrison    St.,    Kansas 
City,   Mo. 
KERN,  Ed.  F.,  Dr.    (Apr.  4,  '03)   care  of  Dept.   of  Metallurgy,  Columbia  Univ.,   New 

York  City. 
KERN,   P.  E.    (Nov.  24,  '11)   419  N.  Central  Park  Blvd.,   Chicago,   111. 
KEYES.   Donald   B.    (Oct.    3,   '17)    Asst.    in   Chemistry,   Univ.    of   California;    mailing 

address,   2606  Bancroft  Way,   Berkeley,   Cal. 
KIER,    Samuel    M.     (Oct.    29,    'OS)    Pres.,    Kier    Firebrick    Co.,    2243    Oliver    Bldg., 

Pittsburgh,  Pa. 
KINGSLEY.   Edw.   D.    (Oct.   26,  '17)   Pres.   Electro   Bleaching  Gas  Co.    and   Niagara 

Alkali  Co.;   mailing  addres.s;,   IS  E.   41st  St.,  New  York  City. 
KINNEAR,    H.    B.     (Aug.    25,    '16)    Metallurgist,    Whitaker-Glessner    Co.;    mailing 

address,   191cS   Summit  St.,   Portsmouth,   Ohio. 
KINTER,   Geo.  R.    (Mar.   24,  '16)    1403  State  St.,   Harrisburg,   Pa. 
KISHI.    Keijiro    (Nov.    21,    'OS)    Chief    Eng.,    El    Dept.,    Shibaura   Eng.    M'ks.,    No.    1, 

Shinhamacho,   Kanasugi,   Shibaku,   Tokyo,  Japan. 
KISSOCK,    Alan    (Sept.    20,    'ID    63    Wall    St.,    New    York    City;    mailing    address, 

P.    O.   Box   R.    Tucson,   Arizona. 
KITSEE,   Dr.   Isador   (Apr.   3,  '02)    306   Stock  Exchange  Place,   Philadelphia.   Pa. 
KLEINFELDT,    Henry    F.     (Apr.    22,    '15)    Scc'y,    Abbe    Engineering    Co.,     121    Park 

Ave.,    Newark,    N.    J. 
KLIPSTEIN,  Ernest  C.    (Apr.   3,  '02)   122  Pearl  St.,  P.   O.   Box  2S33,  New  York  City; 

res.,    116  Prospect  St.,   East  Orange,   N.   J. 
KLOWMAN,   Henning   (Oct.   3.  '17)   Mgr.    Elec.    Steel   Plant,   Messrs.    Hadfields,    Ltd., 

24  Wilson  Road,  Hunters  Bar,  Sheffield,   England. 
KLUGH,  B.   G.    (Apr.   7,  '06)   P.  O.  Box   21,  Anniston.  Ala. 
KNAPP,  Geo.  O.   (Nov.  6,  '02)   42d  St.  Bldg.,  New  York  City. 
KNIFFIX,    L.    M.    (Aug.    25,    '16)    Asst.    Supt.,    U.    S.    Smelting.    Ref.    and    Min.    Co., 

55  Congress  St.,   Boston,   Mass.;   nnailing  address,   P.    O.   Box   3S5. 
KNIGHT,   Frank  P.   H.    (Feb.   25,  '11)   Electrician,   Chemist,   Inventor,   Knight  Ecker 

Co.    Labs.,   Keokuk,   Iowa;   res.,   1015  Blondeau  St. 
KNOEDLER,   E.   L.    (Dec.    30,   '16)    Gen.   Supt.,   Welsbach   Co.;    mailing  address,    110 

Brown  St.,   Gloucester  City,   N.   J. 
KNOX,  Lester  B.   (Mar.   24,  '16)   Latrobe  Elec.   Steel  Co.,  Latrobe.   Pa. 
KOEHLER,  Wm.    (Nov.   5,  '04)   E.   792   Lakeview  Road,   N.   E.,   Cleveland.   Ohio. 
KOERING,   Bruno  K.    (Sept.   27,  '16)  Pres.   and  Gen.   Mgr.,   Koering  Cyanide  Process 

Co.;    mailing   address,    220-224   Dooley   Block,    Salt   Lake   City,    Utah. 
KOERNER,    Walter    E.     (May    27,    '14)     Electrochemist    and    Metallurgist,    General 

Elec.   Co.;   mailing  address,    255   Amherst   St.,   East   Orange,    N.   J. 
KOETHEN,    Frederick   L.    (Jan.    29,    '10)    .Sales    Eng.    and    Supt.,    Lubricant   Works, 
International    Acheson    Graphite    Co.,    Niagara    Falls.    N.    Y. ;    mailing    address, 
1960  Whitney  Ave. 
KOHLER,    Hy.    L.     (Aug.    31,    "07)    Metallurgist,    Scullin    Steel    Co.,    St.    Louis,    Mo.; 

mailing  address,   3322   Holliday  Ave. 
KOHN,    Milton  M.    (May   29,  '09>    Mgr.,   Multiple  Unit    Electric   Co.,    136   I>iberty   St., 

New  York  City. 
KOKATNUR,   V.   R.    (Oct.   26,  '17)   Organic  Chem.,   Castner   Electrolytic   Alkali   Co., 

Niagara   Falls,    N.   Y. 
KOLKIN,    T.    L.    (Oct.    27,    '11)    Mgr.,    A/ s   Vadheim    Elektromiske    Fabriker,    Vad- 
heim,  .Sogne,  Norway. 
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KOONTZ,  John  A.,   Jr.    (Sept.  27,  '16)   E.  E.,  Great  Western  Power  Co.,   221  Bryant 

St.,   Palo  Alto,   Cal. 
KOPPITZ,    C.    G.    (Oct.    2G,    '17)    Consult.    Elec.    Eng.,    Ry.    &    Industrial    Eng.    Co.. 

Greensburg,   Pa. 
KOW.\LKE,    O.    L.    (Aug.    3,    '06)    Assoc.    Prof,    of   Chenn.    Eng.,    Chem.    Eng.    Bldg., 

Univ.    of  Wis.,   Madison,   Wis. 
KRAMER,  Lewis  B.    (Mar.   24,  '16)   109  Carsonia  Ave.,   Mt.  Penn,  Pa. 
KRANZ,    Wm.    G.     (Apr.    29,    'ID    Vice-Pres.,    charge    of    Manufacturing,    National 

Malleable  Castings  Co.,    7706   Piatt  Ave.,   Cleveland,    Ohio. 
KRAUS.   Erne.st   (Sept.    27,   '13)    433  Gregory  Ave..   Weehawken,   N.   J. 
KRAUSE,   Walter  B.    (Apr.   24,  '14)   care  of  American  Steel  Foundries,   Chester,   Pa. 
KRE.JCI,    Milo   W.    (May    27,    '09>    Asst.    Supt.,    Great    Falls   Reduction   Works,    Ana- 
conda Copper  Mining  Co.,  Great  Falls,  Mont.;  mailing  address,   15  Smelter  Hill. 
KREMERS,  J.   G.    (July  31,   '07)   906   Shepherd  Ave.,   Milwaukee,   Wis. 
KROG,   Karl  M.    (June  30,   '16)    Shift  Supt.,   Electrolytic  Tank   House,    care   of  Chile 

Exploration   Co.,   Chuquicamata,   Chile. 
KROYER,  John  M.    (Aug.   2.5,  '17)   Pres.  and  Gen.   Mgr.,   Samson  Sieve-Grip   Tractor 

Co.,   Stockton,   Cal.;    mailing  address,   300   E.   Acacia   St..   Stockton,   Cal. 
KUNZ,   Geo.    F.,   Ph.D.,   D.    Eng.    (Sept.   28,   '07)    Vice-Pres.    Tiffany  &  Co.,    405   Fifth 

Ave.,    New   York   City. 
KUTZ.    Milton    (June    1,    '15)    Mgr.,    The    Roessler   and   Hasslacher    Chem.    Co.,    941 

Drexel   Bldg..    Philadelphia,    Pa. 
KWANG,    Kwong   Yung,    D.    Eng.    (Apr.    24,    '09)    Engineer   and    Director,    Lincheng 

Mines,   Lincheng.   Chihli   Province,    Kin-Han   Railway,   via   Pekin,    N.   China. 
KYLE,   T.  D.    (Apr.   3,   '02)    106   E.   5th  St.,   Leadville.   Colo. 
LACROIX,     Henry     (Mar.     3,     '06)     Eng.,     Usine     de     Degrossissage     d'or,     Geneve, 

Switzerland. 
LAFORE,  J.  A.   (Apr.  3,  '02)  Merion  Paper  Co.,  Bellevue  Court  Bldg.,  Philadelphia, 

Pa.;   res.,   Wister  Road,   Ardmore,    Pa. 
LAIB.    Walter    (May   22,   '14)    Supt.    and   Chief  Chem.,   The   Ohio   Salt   Co.,    Rittman, 

Ohio;   mailing  address,    Rittman,    Wayne  Co..   Ohio. 
liAISE.    Clemens   A.    (Dec.    30,   '16)    Chem.    Eng.,    Independent   Lamp   and   Wire   Co.; 

mailing  address,    37    Duer  Place,   Weehawken,    N.   J.  » 

LAMB.   Arthur  B.   (Dec.  27,  '07)   Chemical  Lab.,  Harvard  College,   Cambridge,  Mass. 
L.AMKER,   H,   G.    (May   24,   *13)   Johnson  Bronze  Co.,    Newcastle,   Pa. 
L.AMOUREUX,    Ernest     (Apr.    26,    '17)     Saks    Representative,     Munning-Loeb    Co.; 

mailing   address.    844    Aldine   Ave.,    Chicago.    111. 
LANDAU,   Alfred   (.\pr.   22,  '15)   Pres.,  Canadian  C^arbon  Co.,   Ltd.:   mailing  address. 

United  Battery  Corp.  of  N.  Y.,   Woolworth  Bldg.,   New   York  City. 
L.VNDIS,    Walter    S.     (Dec.    4,    '02)     Chief    Technologist,    American    Cyanamid    Co., 

New   York;   mailing  address.   East   31st   St..    Beechurst,    L.   I.,   New   Yoik. 
L.\NDOLT.  Dr.   Hans   (Feb.   5,  '03)   Turgi.   Switzerland. 
LANDOLT,    P.    E.    (Nov.   27,   '14)    1st   Lieut.,    Ordnance   R.    C,   Division   T,    Ordnance 

Dept.,    Washington,   D.   C. 
LANE.   Henry   M.    (May  29,  '09)   Trussed  Concrete  Bldg.,   Detroit,   Mich. 
LANGFORD,    Frank   (May   29,   '09)    1112   J  St.,   Eureka,   Humboldt   County,    Cal. 
L.ANGMUIR,    Irving    (June    29,    '07)    Research    Lab.,    Gen'l    Elec.    Co.,    Schenectady, 

N.   Y. 
LANCjTON,   John   (Apr.   3,  '02)   Consult.   Eng.,   233  Broadway,   New  York  City. 
LANSING,  C.   N.   (Nov.   26,  '15)  Eng.  on  Cells,  Hooker  Electrochemical  Co.,  Niagara 

FalLs,   N.   Y. 
LARCHAR,   Arthur  B.    (Apr.   3,  '02)   Penobscot  Chem.   Fibre  Co.,   Great  Works,    Me. 
I^ASS.   W.   P.    (Mar.    27.   '09)   Speel   River   Electrochemical   Co.,   Juneau,    Alaska. 
LATHROP,  L.  H.    (Sept.  26,   '08)  General  Supt.,  Ironwood  &  Bessemer  Ry.   &  Light 

Co..  Ironwood.  Mich. 
LAUCtHLIN,    H.    Hughart    (May   29,    '09)    Elec.    Engr.,   Jones   &   Laughlin   Steel    Co., 

2709   Carson   St.,    Pittsburgh,    Pa.;    res.,    5023   Bayard   St. 
LAVENE,     H.     A.     (Nov.     26,     '15)     Chemist,     International    Acheson    Graphite    Co., 

Nia.gara   Falls,    N.    Y. ;    mailing  address.    170   Buffalo   Ave. 
L.WINO,   Edward  J.    (Nov.   26,   '07)   E.   J.   Lavino  &  Co.,   Importers  of  Ferro-Alloys, 

Bullitt   Bldg.,    Philadelphia.    Pa. 
LAWRENCE,   J.   N.    (Feb.   23,   '12)    3  44  West  Ave.,   Buffalo,   N.   Y. 
LAY,     J.     Tracy     (Nov.     26,     '10)     Graduate     Student,     University     of    Pennsylvania, 

Philadelphia,   Pa.;   res..    4015   Pine   St. 
LEA.   John    (Oct.    21,   '16)   Chem.   and   Met.,   with   H.    B.   Howland;    mailing   address, 

54)0   Normandie   Ave.,   Los  Angeles,   Cal. 
LE.\CH,   Edwin  R.    (Feb.-  25,  'ID   Mgr.   Island  Copper  Co.,   716   Security  Bank  Bldg., 

Oakland,    I'al.:   mailing   addres-j.    217    Hillside   Ave.,  •  Piedmont.    Cal. 
LEAVITT,   Wm.    F.    B.    (Mar.   26,   '10)    care   of  C.   W.   Leavitt   &   Co.,    30   Church   St., 

New   York   City. 
LEBHERZ,    John    (Mar.    24,    '16)    President,    Frontier    Brass    Foundry,    937-4  4    Elm- 
wood   Ave..    Niagara  Falls,   N.   Y. 
LE  BOUTILI.IER.  Clement   (July  31,  "OS)   Chem.  and  Met..   High  Bridge.   N.  J. 
LEDOUX,   Albert   R.    (July   25,   '13)    Eng.   and  Chemist,   Pres.,   Ledoux   &   Co.,    Inc., 

99  John  St.,  New  York  City. 
LEE.    Harry   R.    (Dec.    2.    '05)    Holcomb's  Rock.   Va. 
LEE,   I.   E.    (Mar.    24.   '10)    Instructor  in   Chemistry,   University  of  Rochester,    N.   Y. 
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LEFFEL,    C.    E.    (Sept.    25,    '14)    Supt.,    The    Spirella    Co.,    Inc.,    Box    127,    Niagara, 

Falls,    N.   T. 
LEFFLER,   Johan   A.    (Sept.    24,   '10)    Technical  Gen.   Director,    Gimo-Osterby   Bruks 

Aktiebolag,    Osterby   Bruk,    Dannemora,    Sweden. 
LEGRAND,     Charle.s     (Mar.     24,     '16)     Consult.     Eng.,     Phelps    Dodge     Co.,     mailing 

address,  P.  O.  Box  EE.  Douglas,  Arizona. 
LEMBERG,   Max    (Apr.   6,   '11)    Chief  Engr.,  Vulcan   Detinning  Co.,   Sewaren,   N.   J.; 

res.,   Woodbridge,   N.   J. 
LENSCHOW,  Hans  H.   (May  25,  '17)  Chem.,  Kristians.^^and's  Nikkelraffineringsverke, 

Norway. 
LEONARD,   Grover  M.    (Sept.   27,   '161    Store   Keeper,   The  Jeffrey  Mfg.   Co.;   mailing 

address,   1225  Weslev  Ave.,   Columbus,   Ohio. 
LESLIE,    E.    H.    (Sept.    27.   '16)    U.    S.    Industrial   Alcohol   Co.,    27   William   St.,   New- 
York  City. 
LEVY,  Gaston  J.    (Aug.   25,  '17)  Chem.  Eng.,  Leslie  Salt  Ref.   Co.;  mailing  address, 

619  Laurel  Ave.,  San  Mateo,  Cal. 
LEWIS,    Jonathan    D.    (May    29,    '09)    Chemist,    Edgar    Thompson   Works,    Carnegie 

Steel   Co.;    mailing  address,    710   Middle   St.,    Braddock,   Pa. 
LICHTHARDT,  G.    (A.pr.   3,  '02)    ISth  and  M  Sts.,  Box  510,   Sacramento,   Cal. 
LIDBURY,    F.    Austin    (Aug.    7,    '03)    Works   Mgr.,    Oldbury  Electrochem.    Co.;    res., 

33   Sugar  St.,   Echota,   Niagara  Falls,    N.   Y. 
LIEBMANN,  Dr.  A.  J.    (Aug.  26,  '10)    203  "W.   81st  St.,   New  York  City. 
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MINER,    H.    S.    (May    1,   '07)    Chief  Chemist,   Welsbach  Light   Co.,    Gloucester   City, 
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Portland,   Me. 
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MURPHY,  Dr.   Robt.  K.    (May  22,  '14)   Technical  College,   Sydney,  Australia. 
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NEEDHAM,   Harry  H.    (Mar.   26,   '15)   Engineer,   General  Elec.   Co.,   Harrison,  N.   J.; 
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NESTLER,  G.  A.   (Nov.  24,  '16)  Mill  Foreman,  Baker  Mine  Co.,  Cornucopia,  Oregon. 
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NORMAN,  Geo.   M.    (Apr.   3,  '02)   Hercules  Powder  Co.,  Wilmington,   Del. 
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154  E.   Erie  St.,   Chicago,   111. 
OLSSON,   Henning   (July  26,  '12)   Chief  Designer,   Hertzia,   Gottenborg,   Sweden. 
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OSHIMA,   Yoshikiyo,   Dr.   Ing.    (July   30,   '09)   care  of  Mrs.   Fudger,   551  W.    172d  St., 
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OSTHEIMER,  John  W.    (June  25,  '09)   Ingenieur  des  Arts  and  JIanufactures,   3  rue 
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PEDERSEN,    Arthur    Z.     (Aug.     25,    '16)     Chemist,    Edison    Storage    Battery     Co., 

86   Mt.    Pleasant   Ave.,   West   Orange,    N.    J. 
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PEIRCE,    Wm.     H.     (Apr.     6,    'ID     Vice-President    and    General    Mgr.,     Baltimore 
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PICKENS,   Rufus  H.    (Jan.  27,   '12)   Southern  Public  Utilities  Co.,   Clemmons,   N.    C. 
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210   S.    13th   St..   Philadelphia,   Pa. 
SADTLER.    Samuel    S.     (Apr.    3,    '02)    with    S.    P.    Sadtler    &    Son,    Consulting   and 

Analytical   Chemists,    210   S.    13th   St..    Philadelphia,    Pa. 


38 


DIRECTORY  OF  MEMBERS. 


SAKLATWALLiA,    B.   D.    (May   26,  '10)    General   Superintendent,    American   Vanad- 
ium Co.,  Bridgeville,  Pa. ;  res.,  47   McMunn  Ave.,  Crofton,   Pa. 
SALISBURY,    E.    F.    W.     (Oct.    26,    '17)    Electrical    Contractor,    49    Wellington    St., 

East,    Toronto,    Canada. 
SALOM,    Pedro    G.     (Apr.    :!,    '02)    Commonwealth    Trust    Bldg.,    12th    and    Chestnut 

Sts.,   Philadelphia,   Pa. 
SAMUELS,  Wm.   P.    (May  5,  '10)    120  Smithfield  St.,  New  Castle,  Pa. 
SARGENT,   Frank  C.    (Jan.   29,  '09)   201   Devonshire  St.,   Boston,   Mass. 
SARGENT,    Geo.    "VV.    (Apr.    29,   '11)    Metallurgist   and   Chemist,    Electric    Reduction 

Co.,  AVashington,  Penna. 
SARGENT,    R.    N.    (Oct.    27,   'ID    Works  Mgr.,   Plant   C.   E.,   Roessler   &   Hasslacher 

Chem.   Co.,   St.   Albans,  W.   Va;   res..    l.'.S   State   St.,   Perth   Amboy,   N.   J. 
SAUNDERS.   Prof.  A.   P.    (Apr.   3,   '02)    Hamilton  College,   Clinton,   N.   Y. 
SAUNDERS,  Lewis  E.   (Dec.  26,  '07)   Mgr.,  Abrasive  Plants,  Norton  Co.,   Ill  Buffalo 

Ave.,   Niagara  Falls,   N.   Y. 
SAUNDERS,    Walter    M.     (Mar.    27,    '09)    Saunders    &    Franklin,    Providence,    R.    I.; 

mailing   address,    20    Dewey   St. 
SCHAAF,    Downs    (June    30,    '17)    Metallurgist,    Buckeye   Steel    Castings    Co.,    South 

Parsons    Ave.,    Columbus,    Ohio. 
SCHABACKER,  H.  Eric  (Oct.  26,  '17)  Res.  Chem.,  Carborundum  Co.,  Niagara  Falls, 

N.   Y. 
SCHALL,  Dr.  C.  (Aug.  29,  '08)  Prof,  of  Chemistry,  Solomonstr.  1,  Leipzig,  Germany. 
SCHAMBERG,    Meyer    (Dec.    27,    '07)    Chemist    and    Min.    Engr.,    1841    N.    17th    St., 

Philadelphia,   Pa. 
SCHAPIRO.  H.   (Oct.  22,  '15)  Chief  Chemist,  The  Ohio  Match  Co.,  Wadsworth,  Ohio. 
SCHILDHAUER,  Edward  (Dec.  26,  'OS)   El.  and  Mech.  Eng.,  care  of  The  Engineers 

Club,   S2  W.   40th  St.,    New  York   City. 
SCHLEEDER,    L.    Bertram    (Apr.    29,    'ID    Chemist,    Globe    Rubber    Tire   Mfg.    Co., 
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SCHUBERT,   Bruno  H.    (Aug.   25,  '16)    Inspector  and   Chemist,   R.   W.   Hunt   &  Co.; 

mailing   address,    224   Jane   St.,    Weehawken,    N.    J. 
SCHUBERT,   H.   R.    (Nov.    24,   '16)    Met.    Eng.,   Jerpeland,   Stavanger,   Norway. 
SCHUELER.   .7.   L.    (Sept.   27,  '16)   Chemist  and  Met.,   Keystone   Steel  and  Wire  Co., 

Peoria,    111. 
SCHUETZ.    Fred.    F.     (Oct.     1,    '04)    Patent    Attorney,    Room    1352,    50    Church    St., 

New   York   City. 
SCHUELTE,    Walter   B.    (Oct.    29.    '10)    Treasurer,    C.    F.    Burgess   Laboratories,    625 

Williainson    St.,    Madison.   Wis. 
SCHULTZ,  Louis  Claude   (Oct.   22.  '15)   Chem.  Eng.,  care  of  The  Tungsten  Products 

Co.,    2031    12th   St.,    Boulder,    Colo. 
SCHULZE,  Paul   (Oct.   26,  '17)  Res.  Chem.;  United  Piece  Dye  Wks. ;  mailing  address, 

287   Union    St.,    Hackensack,    N.    J. 
SCHUYLER,   A.   H.    (June   2,  '16)    Metallurgist,   International   Nickel   Co.,   Bayonne, 

N.   J. 
SCHWARZ,    Ralph    C.    (May    5,    '10)    Electrical    Engineer,    Taylor   Instrument    Co., 

Rochester,   N.  Y. 
SCOTT,    Professor   Chas.   F.    (Aug.   27,   '09)    284   Orange   St..   New   Haven,    Conn. 
SCOTT,  L.  C.    (Oct.   21,  '16)   976   St.   John's  Place.  Brooklyn,   N.   Y. 
SCOTT,   Wirt   S.    (Aug.    25,    '16)    Westinghouse    Elec.    &   Mfg.    Co.,    East   Pittsburgh, 

Pa.;    mailing  address,    121   Linden   .Ave..    Edgewood   Park,    Pa. 
SEEDE,  John  A.   (May  29.  '09)  Elec.  Eng.,  General  Electric  Co.,  Schenectady,  N.  T. ; 

mailing  address,    Route   49,   Schenectady,   N.   Y. 
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SERGEANT.   Elliott  M.    (October  1,  '04)   Box  54.   Niagara  Falls.  N.  Y. 

SERVIS,    Oscar    E.     (Feb.    24,    '17)    Foreman    Electroplater,    Felt    &    Tarrant    Co.; 

mailing  address,   5305  "Warner  Ave.,   Chicago,   111. 
SETHMAN.   Geo.   H.    (Nov.   6,   '03)    Engineer  and  Constructor,    Suite   250,    Equitable 

Bldg.,   Denver,    Colo. 
.SEWARD,   Geo.  O.   (April  3,  '02)   99  Cedar  St.,  New  York  City. 
SETFERT,    Stanley    S.    (Oct.    29,    '08)    Assoc.    Prof.,    El.    Eng.,    Lehigh   Univ.;    res., 

456   Chestnut  St.,   Bethlehem,   Pa. 
.SHARP.    Clayton   H.,   Ph.D.,    (Nov.    26,   "07)    Technical   Director,    Electrical    Testing 
Laboratories,   SOth  St.  and  East  End  Ave.,   New  York  City;   res..  White  Plains, 
New  York. 
SHARPLES.    Stephen    P.     (Feb.    27,    '09)    Consulting    Chemist.    Campbell    Magnetic 

Separator  Co..   Boston,   Mass.:   mailing  address,   26   Broad  St. 
SH..\TTUCK.    A.    F.    (Apr.    3,    '02)    Chief   Chem.,    The    Solvay    Process    Co.,    Detroit, 

Mich.;   mailing  address,   615  Canon  Drive,   Beverly  Hills,   Cal. 
SHAW,   E.   C.    (Apr.   3,  '02)   North  Portage  Path,  Akron,   Ohio. 
SHEFFIELD,    Wesley    T.     (Aug.    25,    ■17)    Chief    Chem.,    Plattsburg    Alloys    Corp., 

Plattsburg,    N.    Y. 
SHELDON.   Dr.   Samuel    (Apr.   3,  '02)   Prof,   of  Physics  and   Elec.   Eng.,   Polytechnic 

Inst.,    Brooklyn,   N.   Y. 
SHEPHERD,    F.    A.     (Nov.    27.    '14)    Electroplating    Eng.,    International    Steel    and 

Ordnance  Co.,  Lowell,  Mass. 
SHEPHERD.  F.  R.    (Sept.   25,  '14)   Chief  Electrical  Inspector,   P.  O.   Box  361,  Dune- 
din,   N.   Z. 
SHERK,  Harold  C.    (,Tuly  27,  '17)  Supt.,  Electrode  Dept.,  care  of  Beckman  &  Linden 

Eng.  Corp.,   422   Balboa  Bldg.,   San  Francisco.  Cal. 
SHIELDS,   Dr.   John    (Dec.   4,   '02)   Minas  de  Rio  Tinto.   Provincia  de  Huelva,   Spain. 
SHIELDS,    James    E.     (June    30,    '17)    Asst.    Chem.,    National    Carbon    Co.;    mailing 

address,    SI   Duane  Ave.,   La  Salle,   N.   Y. 
SHIMER,   Edward  B.    (Jan.   2S,  '11)   Asst.,   Porter  W.   Shimer  Laboratory.   Paxinosa 

Ave.,   Ea.?ton,   Pa. 
SHINDELL,   Harry  F.    (Jan.   2C,  '17)   Supt.,   T.  A.  Wilson  &  Co.,  Inc.,   925  McKnight 

St..  Reading.  Pa. 
SHIVERICK,   Myron  D.    (Nov.   21,  'OS)    25   Menands  Road,   Menands,   N.   Y. 
SHOAFF.  P.  S.   (Sept.  27,  '16)  Chem.  Eng.,  Sea  Products  Co.  &  Oceanic  Eng.  Corp.; 

mailing  address,   421  Daisy  Ave.,   Long  Beach,  Cal. 
SICARD,    Hugh    C.    (June    30,    '17)    Electrometallurgical    Eng.,    United    States    Alloy 

Corp.;  mailing  address.   Hotel  Touraine,   Buffalo,   N.  Y. 
SIEGER,   Geo.   N.    (Apr.   27,   '12)    Asst.    to  Mgr.,    Electrolytic  Dept.,   Davis-Bournon- 

ville  Co.,  Marion  .Station,  Jersey  City,   N.  J. 
SIEVERING.    Philip    (Apr.    20,    '13)    Electroplater,    Philip    Sievering   Co.,    54    Nairn 

Place,   Newark,    N.   J. 
SIMMERS,    Arthur    L.    (May    29,    '09)    Eng.,    Hooker    Electrochemical    Co.,    Niagara 

Falls,  N.  Y. :  mailing  address,   19  Sugar  St. 
SIMPSON,  Louis   (May  29,  '09)   172  O'Connor  St.,   Ottawa,   Canada. 
SIMS,   C.   E.    (June   1,   '15)   Michigan  Electrochemical  Co.,   Menoininee,   Mich. 
SKILLMAN,    Verne    (Mar.    26,    '10)    care   of   General    Aluminum    &   Brass   Mfg.    Co., 

East  Grand  Blvd.  and  St.  Aubin  Ave.,   Detroit,   Mich. 
SKINNER,    Chas.     E.     (Dec.    31,    '09)     Engineer,    Research    Division,    Westinghouse 

Elec.  and  Mfg.  Co.,  Wilkinsburg,  Pa.;  mailing  address,   1309  Singer  Place. 
SKINNER,   H.   J.    (Apr.   3,   '02)    care  of  A.   D.  Little,   Cambridge,   Mass. 
SKINNER,    L.    B.    (Oct.    23,    '14)    V.    P.    and    Gen.    Mgr.,    Western   Chem.    Mfg.    Co., 

Denver,  Colo. 
SKOWRONSKI,    Stanislaus    (June    1,    '07)    care    of    Raritan    Copper   Works,    Perth 

Amboy,    New    Jersey. 
SLATER,    Wm.    A.     (Feb.    25,    '11)    Supt.,    Gulf    Refining    Co.,    P.    O.    Box    1024,    Ft. 

Worth,   Texas. 
SLOCUM,    Frank    L.,    Ph.D.    (Dec.    4,    '03)    Pres.,    Technical    Service    Corp.,    Empire 

Bldg.,   Pittsburgh.   Pa.;   mailing  address,   401   S.   Linden  Ave.,   E.   E. 
SMITH,    Acheson    (Aug.    31,   '07)   Vice-Pres.    and   Gen.   Mgr.,   Acheson   Graphite   Co.; 

res.,   113  Jefferson  Ave.,  Niagara  Falls,  N.  Y. 
SMITH,   A.   T.    (Dec.    4,  '03)    257   Royal  Liver  Bldg.,   Liverpool,   England. 
SMITH,  Prof.   A.  W.    (Apr.   3,   '02)   11333   Bellflower  Road,   Cleveland,   Ohio. 
SMITH,     Dyer     (June    2S,    '12)     Patent    Lawyer,     32    Liberty    St.,    New    York    City; 

mailing  address,   9  Wilde  Place,   Montclair,   N.   J. 
SMITH,    E.    A.    Cappelen    (May    9,    '03)    Consulting    Engineer,    120    Broadway,    New 

York   City. 
SMITH,    Dr.    Edgar   F.    (June    3,    '05)    Provost,    Univ.    of   Penna.,    Philadelphia.    Pa. 
SMITH,    Edmund  S.    (Apr.   3,   '02)    Chemist,    The   Carborundum   Co.,    Niagara   Falls, 

N.   Y. 
SMITH,  E.  W.    (Apr.   3,  '02)   74  E.  Penn  St.,   Germantown,  Philadelphia,   Pa. 
SMITH,  Frank  T.   (Dec.  30,  '16)  Chem.,  Chile  Exploration  Co.,  Chuquicamata,  Chile. 
SMITH,   F.   Warren    (May   9,  '03)    Provo  Citv.   Utah. 
SMITH,    H.    F.,    Jr.     (Aug.    25,    '16)    Eng.,    E.    W.    Clark    &    Co.,    321    Chestnut    St., 

Philadelphia,   Pa. 
SMITH,  Harold  H.    (Jan.   27,  '12)  Edison  Storage  Battery  Co.,  Orange,   N.  J. 
SMITH,   John   H.    (Jan.   26,  '17)   Consult.   Eng.,   1319-21  First  National   Bank   Bldg., 
Milwaukee,    Wis. 
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SMITH,  Walter  C.    (Oct.   23,  '14)   Supt.   Silver  Bldg.,   U.   S.   Metals  Ref.   Co.,   Chrome, 

N.   J. 
SMULL,    Judson   G.    (Nov.    26,   '0?)    Res.    Chem.,   New   Jersey    Zinc   Co.    (of   Penna.), 

Palmerton,   Pa. 
SMYTHE,    Edwin    H.     (May    29,    '09)     Electrical    Engineer,     73S    Monadnock    Bldg., 

Chicago,   111. 
SNEATH,   Wm.   H.    (May   25,   "12)    Asst.    Supt.,    Electro   Metallurgical   Co.,    La    Salle, 

N.    Y. 
SNOOK,   H.   Clyde,   A.M.    (Nov.   26,   '07)    224   Linden  Ave.,   Oak   Park,   111. 
SNOW,    Wm.    M.    (Feb.    25,    '11)    Supt.    of   Acid   Works,    Illinois    Zinc    Co.,    Peru,    111. 
SNO^VDON,    R.    C.    (Feb.    3,    '06)    Operation    Expert,    Hooker    Electrochemical    Co.; 

mailing  address,   21   C  St.,   Niagara  Falls,   N.   Y. 
SNYDER,   Chas.    G.    (June   30,   '17)    Chief   Chem.,   Duquesne   Reduction   Co.;    mailing 

addi-ess,   5212   Harriet   St.,   Pittsburgh,   Pa. 
SNYDER,   Fred.   T.    (June  6,  '03)   Vice-Pres.,   Industrial   Elec.   Furnace  Co.,   Chicago, 

111.  ;   mailing  address.   Room   1405,   53   W.    Jackson   Blvd. 
SNYDER,    J.    L.    K.     (May    5,    '10)    Supt.,    Silverford    Plant,    Aetna   Chem.    Co..    Inc., 

Newton    Hamilton,    Pa. 
SODERBERG,    Carl  W.    (Oct.    29,   '10)    Det   norske  Aktieselskap   for   Electrokemiske 

Industri,   Christiania,   Norway. 
SOLVAY,    Armand     (Jan.     8,    '04)     Mgr.,     The    Solvay    Co.     of    Brussels,    33    rue    du 

Prince   Albert,    Brussels,    Belgium. 
SOMDAL,    John  A.    (Jan.    22,    1915),   Res.    Chemist,    1119   W.    Franklin   .Ave.,    Minne- 
apolis,  Minn. 
SPARRE,   Fin,   Dr.    (Oct.    26,  '12)    606   W.    20th   St.,   Wilmington,    Delaware;    mailing 

address.    Director,    care    of    Experiinental    Station,    E.    I.    du   Pont    de    Nemours 

&-   Co.,    Henry  Clay   P.    O.,   Delaware. 
SPAULDING,    Harris    W.     (Dec.    2.S,    '17)    Owner,    National    Copper    Wks. ;    mailing 

address,    140    N.   Washington   St..    Boston,    Mass. 
SPEED,    Buckner    (Dec.    31,    '14)    Head    of    Physical    Lab.,    Western    Electric    Co.; 

mailing  addre.«s,    463   West   St.,   New   York   City. 
SPEIDEN,   Clement  C.    (Nov.   6,  '02)    46   Cliff  St.,   New  Y'ork  City. 
SPEIDEN,  Eben  C.   (Feb.   2,  '06)  Vice-Pres.   and  Gen.   Mgr.,   care  of  I.>iC0  Chem.  Co., 

Inc..    Niagara   Falls,    N.   Y. 
SPELLER,  Frank  N.   (Jan.   29,  '10)   Met.  Eng.,  National  Tube  Co.,   1824  Frick  Bldg., 

Pittsburgh,    Pa.;   res.,    1624   Wightman   St. 
SPENCER,  A.   G.    (Sept.    27,   '16)    Consult.   Chem.   &  Met.,   619   Transportation   Bldg.. 

Montreal.   Canada;   mailing  address,   4076   Tupper  St.,   Westmount,   Quebec.   Can. 
SPERRY,    Elmer   A.    (.Apr.    3,    '02)    100    Marlborough    Road,    Prospect    Park,    South, 

Brooklyn,    N.    Y. 
SPERRY,   R.   S.    (June   1,  '15)   Res.   Eng.,   Scovill  Mfg.   Co.,   Waterbury,   Conn. 
SPICER,    C.   W.    (Aug.    25,   '16)    Vice-Pres.   and   Chief   Eng.,    Spicer   Mfg.    Co.,    Plain- 
field,   N.   J.;   mailing  address,   417  Central  Ave. 
SPILSBURY,  Edmund  G.    (Jan.   28,  '11)   Consulting  Engr.,   29  Broadway,   New  York 

City. 
SPRAGUE,     Edmund    C.     (July    31.     "OS)     Chemist,     care    of    E.     G.     Acheson,     Ltd., 

5   Chancery   Lane,    London,    W.    C,    England. 
STAFFORD,    Samuel    G.    (May   26,    '10)    Vice-Pres.    and   Gen.    Mgr.,    Vulcan   Crucible 

Steel   Co.,   Allquippa,    Pa.;   res..    State  St.,   Coraopolis,   Pa. 
STAHL,    Nicholas    (Aug.    25,   '16)    Commercial   Eng.,    Westinghouse   EI.   &   Mfg.    Co.; 

mailing   address,    204    Hawthorn   St.,    Swissvale   Station,    Pittsburgh,    Pa. 
STAMPS,   F.   A.    (June   2,   '06)   Chem.,   care  of  Phosphorus  Compounds  Co.,    Niagara 

Falls.   N.   Y. 
STANLEY,    Frederick    C.    (Aug.    25,    '16)    Editor,    The    Metal    Record    and    Electro- 
plater;   mailing  address,   260   John   St.,    Bridgeport,   Conn. 
STANSFIELD,   A.,    D.Sc,   A.R.S.M.    (Jan.   8,   '03)    Prof,   of  Metallurgy,   McGill   Univ., 

Montreal,   Canada. 
STARK,    Edgar   E.    (Jan.    29,    '09)    City    Electrician,    Box    526,    Christ    Chruch.    New 

Zealand. 
STARK,   Paul  A.    (July  27,   '17)   Res.   Chem.,   2655   Dwight  Way,   Berkeley,   Cal. 
STARR,   Lieut.  Arthur  B.,  Jr.    (Feb.  25,  '16)   154  F.  A.   Brigade  Headquarters,  Camp 

Meade,    Md. 
STATHAM,  Noel   (Oct.  17,  '07)  Mgr.  Chem.  Dept.,  West  Virginia  Pulp  &  Paper  Co., 

200   5th  Ave.,   New  York  City.  .      , 

STEIN,    Walter  M.    (Jan.    8,   '03)    Pres.    and   Gen.    Mgr.,   Primos   Cheip.    Co.,    Primos. 

Delaware  Co.,  Pa. 
STEINMETZ,    Charles    P.    CAug.    7,    '02)    Chief   Consult.    Eng.,    Gen.    Elec.    Co.;    res., 

Wendell  Ave.,   Schenectady,   N.   Y. 
STEPHENS,    Chas.     E.     (June    2,    '16)     Mgr.,    Illuminating    Section,     Supply    Dept., 

Westinghouse    Elec.    &    Mfg.    Co.;    mailing    address,    1213    Center    St.,    Wilkins- 

burg,   Pa. 
STEPHENSON,   Frank  T.   F.    (May  5,   '10)    Chemical  Dept.,   Detroit  Technical   Insti- 
tute,   Detroit,    Mich.;    res.,    873    Trumbull   Ave.,    Detroit,    Mich. 
STEPHENSON,    H.    L.     (July    28,    '16)    Salesman,    Westinghouse    Elec.    &    Mfg.    Co., 

780   EUicott  Square,  Buffalo,   N.  Y. 
STEVENS,   J.    Franklin    (Sept.   26,   '08)    Engr.,    1326   Chestnut   St..    Philadelphia,    Pa. 
STEVENS,    W^.    L.    (Sept.    15,    '15)    Metallurgical    Accountant,    Braden    Copper    Co., 

Rancagua,  Chile. 
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STEVENSON,    Reston    (Apr.    22,   '15)    Asst.   Prof,   of  Chemistry,    The   College   of   the 

City  of  N.   Y.,   New  York  City. 
STETVART,   Harry  M.    (Sept.   27,   '16)    Supt.   of  Blast  Furnaces,    Carnegie   Steel   Co.. 

Duquesne,  Pa. 
STEWART,  Marshall  E.    (Oct.  21,  '16)  Works  Mgr.,  Plant  3,   Roessler  &  Hasslacher 

Chemical  Co.;  mailing  address,   45  Woodruff  Place,   Perth  Amboy,   N.  J. 
STEWART,   Reid  T.    (July  29,   '10)   Professor  of  Mechanical  Engineering,  University 

of   Pittsburgh,   Pittsburgh,    Pa,;    res.,    1524    Shady   Ave. 
STEWART,    Robert    Stuart    (Sept.    26,    '08)    Consult.    Elec.    Eng.,    5^0    St.    Paul   Ave., 

Detroit,  Mich. 
STICHT,    Robert    C.     (May    29,    '09)    General    Mgr.,    Mt.    Lyell    M.    &    R.    Co.,    Ltd., 

Queenstown,    Tasmania,    Australia. 
STILLESEN,   Job  M.   A.    (May  25,   '17)   Niagara  Falls,   N.   Y. 
ST.    JOHN,    H.    M.    (Mar.    24,   '16)    Res.    Eng.,    Commonwealth    Edison   Co.;    mailing 

address,   28   N.   Market  St.,   Chicago,   111. 
STOCKTON-ABBOTT,  Lyle  (July  28,  '16)   Hotel  Plaza,  Port  Arthur,  Texas. 
STOLL,    Clarence    G.    (Mar.    27,    '09)    Tech.    Supt.,    Western    Elec.    Co.,    Hawthorne 

Station,    Chicago,    111. 
STONE,   Chas.   A.    (Apr.    3,  '02)   Stone  &  Webster,    147   Milk  St.,   Boston,  Mass. 
STONE,   Edmund  C.    (Dec.    30,   '17)    System  Operator,   Duquesne   Light  Co.,   435   6th 

Ave.,  Pittsburgh,   Pa. 
STONE,    George   W.    (Mar.    27,    '09)    care   of   Hooker   Electrochemical    Co.,    Niagara 

Falls,  N.  Y. 
STONE,   I.    F.    (Jan.   29,   *09)    Pres.,    Nat.   Aniline   &  Chemical  Co.,    100   William  St., 

New  York  City. 
STONE,  Joseph  P.    (Nov.  21,  '08)   Purchasing  Engineer,   care  of  Lindetevas-Stoklrs, 

11  Broadway,  New  York  City. 
STONE,    John    Stone    (Jan.    29,    '09)    Consult.    Elec.    Eng..    153    East    ISth    St.,    New 

York  City. 
STOREY,    Oliver  Wendell    (Feb.    25,    '11)    Met.   Eng.,    care   of   C.    F.    Burgess   Labs., 

Madison,   Wis. 
STOTTER,    Max    (May   25,    '17)    Proprietor,    care   of   Pennsylvania   Smelt.    Co.,    1385 

W.  Jefferson  Ave.,   Detroit,   Mich. 
STOUGHTON,  Bradley  (Dec.  31,  '09)  Sec'y  American  Institute  of  Mining  Engineers, 

29  W.    39th  St.,   New  York   City. 
STRACHAN,    E.    K.     (Oct.    3,    '17)     Res.    Chem.,    National    Aniline    &    Chem.    Co.; 

mailing  address,   234  Saranac  Ave.,   Buffalo,   N.   Y. 
STRATTON,   W.   G.    (Apr.    26,   '17)    Electroplater,    R.    N.    Bassett   Co.,    Derby,    Conn.; 

mailing  address,    153    Elm   St.,   Bridgeport,    Conn. 
STRAUSS,  Frank  A.    (Mar.  26,  '15)    196   S.   Franklin  St.,  Wilkes-Barre,   Pa.      . 
STUPAKOFF,    S.    H.    (Feb.    27,    '14)    Manufacturer,    401-431   Amberson   Ave.,    Pitts- 
burgh,  Pa. 
STYRI,    Haakon    (Feb.    25,   '11)    Asst.   Prof,    of  Met.,   Carnegie   Inst,   of   Technology, 

Pittsburgh,   Pa. 
SULLIVAN,  Alan  P.  <June  30,  '17)   Terryville,   Conn. 

SUMAN,  Robert  G.   (Apr.  26,  '17)  Electroplater,  66  Notre  Dame  Ave.,  Dayton,  Ohio. 
SUMMERS,  Leland  L.    (Sept.  26,  '08)  L.  L.  Summers  &  Co.,  First  Nat'l  Bank  Bldg., 

Chicago,  111. 
SWANN,    Theodore    (May    2,    '17)    Pres.,    Southern    Manganese    Corp.,    Brown-Marx 

Bldg.,    Birmingham,    Ala. 
SWARTLEY,  Henry  P.,  Jr.   (June  1,  '15)  Sales  Engineer,  care  of  Davis  Bournonville 

Co.,  Marlon  Station,  Jersey  City,  N.  J. 
SWENARTON,  W.   Hastings   (Apr.   27,  '12)    Firm  of  Merwin  &  Swenarton,   2   Rector 

St.,  New  York  City. 
SYMMES,  Whitman    (Dec.   4,  '03)   Min.   Eng.,  Virginia  City,   Nev. 
TABER,   Geo.   H.,   Jr.    (Dec.   30,   '16)    325  W.    12th  St.,   Tulsa,   Okla. 
T.-VCHIHARA.    Jin    (Jlar.    27,    '14)    Electrical    Engineer,    Mitsu   Bishl    Dockyard   and 

Engine  Wks.,   Kobe,   Japan. 
TADA,  Kozo  (July  28,  '16)   Supt.  Power  House,  Inawashire  Hydro-Elect.  Power  Co., 

care  of  Bandai  Post  Office,  Fukushimaken,  Japan. 
TADA,  Commander  S.    (Sept.   4,  '03)   Naval  Inspector's  Office,   Kawasaki  Dockyard, 

Kobe,  Japan. 
TAFEL,    Theodore,   Jr.    (Oct.   21,   '16)    Standard   Sanitary   Mfg.    Co.,   Pittsburgh,    Pa. 
TAGGART,    Walter   T.    (Nov.    6,   '02)    University   of   Pennsylvania,   Dept.    of  Chem., 

Philadelphia,   Pa. 
TAKAHASHI,   Taketaro   (July  30,  '09)    Shinano  Elec.   Co.,  Y'oshida,  Nagano,  Japan. 
TAKAMINE,    Jokichi    (Feb.    27,    '09)    Research    Chemist,    Parke,    Davis    &    Co.,    550 
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THOMPSON,    J.    G.    (Feb.    25,   '16)    Asst.   in    Chemistry,   Morse    Hall,    Cornell   Univ., 

Ithaca,   N.  Y. 
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TIEMANN,    Hugh    P.    (Oct.    24,    '13)    Asst.    Metallurgical   Eng.,    Carnegie   Steel    Co., 

663  Frick  Annex,  Pittsburgh,   Pa. 
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Electric  Light  and  Power  Co.,   Lexington  and  Liberty  Sts.,   Baltimore,  Md. 
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TOCH,   Maximilian    (Nov.   6,   '03)   320  Fifth  Ave.,   New  York  City. 
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TOWNSEND,  C.   P.    (Apr.   3,  '02)   918  F  St.,  N.  AV.,  Washington,  D.   C. 
TRANTIN,    Jacob,    Jr.    (Feb.    25,    '16)    Res.    Met.,    Inspector   of   Ordnance,   U.    S.    N.. 
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TREACY,   Cyril  S.    (Feb.   24,  '17)   Res.  Chem.,   Chas.   Pfiger  &  Co.;  mailing  address, 
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mailing  address,    146   S.   Hamlin  Ave. 
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WEISSENBURGER,     G.     E.      (Dec.     31,     '15)     Pres.,     Keokuk     Electro-Metals     Co., 
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WELLS,    Howard    P.    (Oct.    26,    '17)    Res.    Chem.,    Penna.    Salt   Mfg.    Co.,    Greenwich 

Point.    Philadelphia,    Pa. 
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WENNER,   R.   S.    (Dec.    26,  '13)    Elec.   Engr.,   2319   Monroe   St.,    Toledo,    Ohio. 
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William  St.,  New  York  City. 
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Winthrop  Harbor — 

Aiken,   R.  H. 

INDIANA 

Bloomington — 

Brown,  O.  "W. 

Mathers,   F.   C. 
East  Chicago — 

Bonsib.   R.    S. 

Mulligan,   J.   J. 
Hammond — 

Thum,  "Wm. 
Lafayette — 

Duncan,   T. 
Terre  Haute — 

Booth,  W.   K. 
West  Lafayette — 

Unger,  G.   N. 

IOWA 

Ames- 
Mann.   C.   A. 

Boone — 

Mottinger,   B.   T. 
Charles  City — 

"V\'ebster,    C.    L. 
Iowa  City — 

Pearce,   J.   N. 
Keokuk — 

Baker,    R.    E. 
Davis.   H.   N. 
Knight,    F.   P.   H. 
Roll-Hansen,    C. 
SchoU,    G.    D. 
"Weissenburger.    G.    E. 
"U'ettstein,   T.    F. 

KENTUCKY 

Louisville — 

Ruby,    C.    E. 

"Worster,    O.    H. 
Marion — 

Reed,   A.    H. 
Newport — 

Patrick,    R.    C. 
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dire;ctory  of  members. 


LOUISIANA 

Destrehan — 

Gould,  D.   F. 
New   Orleans — 

Williamson,   C.    S.,   Jr. 

MAINE 

AngTPsta — 

Wyman,  W.   S. 
Cumberland  Mills — 

Gabriel,  G.  A. 
Great  Works — 

Larchar,  A.  B. 
liewigton — 

Robinson,  A. 
Portland — 

Allen,   H.   I. 

Lincoln,    E.    S. 

McMurtrie,   D.    H. 

Moulton,   S.   A. 
Rumford — 

GrifRn,   Martin  L. 
South  Brewer — 

Hanson,   H.   H. 

MARYLAND 

Annapolis — 

McAdam,   D.   J.,   Jr. 

Webert,  L.   P. 
Baltimore — 

Bate,  H.  A. 

Boynton,   "W.    H. 

Bryan,    J.    K. 

Falter,   P.    H. 

Lovelace,  B.  F. 

Peirce,  W.   H. 

Rouse,   E.   W.,   Jr. 

Tillman,  R.   H. 

Weitlaner,   R.   J. 
Camp  Meade — 

Starr,  A.  B.,  Jr. 
Chevy  Chase — 

Schramm,   Edw. 
Colgate — 

Aldrich,   C.   H. 
Cumberland — 

McKaig,   W.   W. 
Curtis  Bay — 

Winter,   E.   J. 
Emmitsburgr — 

Rauth,   J.   W. 

Luke — 

Pedder,   John 

>IAS8ACHUSETTS 

Boston — 

Barker,  E.   R. 
Buchanan,   L.  B. 
Clapp,   E.   H. 
Eustis,   A.   H. 
Kao,    T. 
Kniffln,  L.  M. 
Pratt,   F.   S. 
Sargent,   F.   C. 
Sharpies,    S.    P. 
Spaulding,    H.    W. 
Stone,  C.  A. 
Webster,   E.   S. 
Wentworth,    H.    A. 
Werby,   A.   B. 


MASSACHUSETTS — Continued 

Brookline— 

Howard,  H. 
Walker,   E.  C,   3d 
Cambridge — 

Comstock,   D.   F. 

Forbes,   Geo.   S. 

Goodwin,  H.   M. 

Hurum,    Fredrik 

Kalmus,   H.   T. 

Lamb,   A.   B. 

Little,   A.   D. 

Maclnnes,   D.   A. 

Nickerson,   W.   E. 

Richards,  T.  W. 

Skinner,   H.   J. 

Talbot,   H.    P. 

Thompson,   M.   deK. 

Walker,  Wm.   H. 
Gloucester — 

Dorsey,   H.   G. 

Hills,   L.   H. 
Lowell — 

Shepherd,    F.    A. 
Lynn — 

Coates,   Jesse 

ililler,   L.   B. 

Nestor,   J.    F. 
Maiden — 

Berry,   E.   R. 
Marlboro^ 

McManus,   Jos.   D. 
Norwood — 

Treacy,    C.    S. 

Pittsfleld— 

Frank,   J.   J. 
Gifford,  A.   McK. 
Kelly,  J.   F. 
Unger,   M. 
Woodside.   F.  C. 
Wooldridge,   W.   J. 

Southbridge — 

Reeve,  H.  T. 
Springfleld — 

Morris,  A.'  W. 
Swampscott — 

Fleming,    R. 

Thomson,   E. 
Taunton — 

Howe,   David 
Walt  ham — 

Flagg,   F.   P. 
Williamstown — 

Mears,    Brainerd 

Winchester — 

Marsh,   C.   W. 

WoUastun — 

Ruppel,    H.    E.   K. 
Worcester — 

Calhane,  D.  F. 
Higgins,  A.  C. 
Jeppson,  G.   N. 

IVUCHIGAN 
Ann  Arbor — 

Badger.  W.   L. 
Bartell,  F.   E. 
Bigelow,   S.   L. 
Willard,    H.   H. 

Bay  City— 

Hutchins,   C.   F. 
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MICHIGAN— Continued 

Detroit — 

Caulkins,   E.   B. 
Cole,   C.   S. 

Cowperthwalt,   A.   D. 
Crosby,   E.   L. 
Harlg,   Fred.   C. 
Hlrshfeld,    C.    F. 
Jack,    Geo.    B. 
Lane,   H.   M. 
Lohr,   J.   M. 
Marsh,  A.  L. 
Ramage,  A.  S. 
Schmelz,   E.   M. 
Sklllman,    Verne 
Stephenson,   F.   T.   F. 
Stewart,  R.  S. 
Stotter,  Max 

Flint — 

Copeman,    L.    G. 

Ironwood — 

Lathrop,    L.    H. 

Menominee — 

Sims,   C.   E. 
White,    A.    R. 

Midland— 

Burdick,   E.   C. 
Dow,  H.  H. 
"Ward,   L.   E. 
White  Pigeon — 

Unzicker,  S.  P. 

Wyandotte — 

Cranston,   John 
Hardcastle,   Y.   F. 


MINNESOTA 

Duluth — 

Oldfield,   Lee  W. 

Minneapolis — 

Frankforter,   G.   B. 
Hunter,   J.   V. 
Miller,  L.   F. 
Somdal.  J.  A. 
Ward,  H.  L. 

St.  Paul — 

Temple,   Sterling 


MISSOURI 

Columbia — 

Brown,  "W.   G. 
Schlundt,  Herman 

Joplln: — 

Wallower,   F.   C. 

Kansas  City — 

Cherry,  L.  B. 
Kent,  J.  M. 


St.  Louis — 

Curfman,   F.   G. 
Kohler,   H.  L. 
Queeny,    J.    F. 
Ruffner,  C.  S. 

MONTANA 

Anaconda — 

Frick,   F.    F. 
BUlingrs — 

Heath,    R.    F. 

Batt»— 


MONTANA — Continued 

Great  Falls — 

Burns,   W.   T. 
Krejcl,  Milo  W. 

Helena — 

Gerry,  M.  H.,  Jr. 

NEBRASKA 

Omaha — 

Hall.   A.   E. 
Phillips,   Rosa 
Randall,    A.    G 
Relnbold,    Herman 


NEVADA 

l«veIock — 

Reid,    John   T. 

Searchlight — 

Barton,  W.   H. 

Virginia  City — 

Symmes,   W. 


Berlin- 


NEW    HAMPSHIRE 

Barton,   C.   B. 
Comstock,  R.  L. 
Fogarty,   J.    A. 
Moore,   H.    K. 
Richter,   G.   A. 

Durham — 

Perley,   G.   A. 

Abbott,   Wm.    G.,   Ji- 

NEW  JERSEY 

Aldene —  ^, 

Hayes,   G.  W. 

Arlington— 

Pickering.    O.    W. 
Proctor,   C.   H. 


Bowman,   C.   H. 

Deshler,    G.   O. 

Pulsifer.    H.    B. 


Bayonne — 

Burgess,  Louis 
Ramsey,  F.  H. 
Schuyler,   A.   H. 

Bloomfleld — 

Amer,    H.    S. 
MacRae,  Duncan 
Romanelli,    E. 
Vaasar,   H.   S. 

Boimd  Brook — 

Hemingway,   F. 

Camp  Dix — 

Whitlock,   Maj,   E.    ti. 

Carteret — 

Breckenrldge,   J.   i^- 

Chrome— 

Deacon,   R.    vv. 
Green,   H.    M. 
Greenwood,   H.   D. 
Hood,   B.    B. 
Smith,  W.  C. 

Dover —  _     . 

Akinfleff,  Boris 

East  Orange— 

Arthur,   Paul 
Cowles,    Harry  D. 
Doubleday,    R.    S 
Koerner,  W.  E. 
Needham,   H.   H. 
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NEW   JERSEY — Contlnaed 
Elizabeth — 

Hendrle,   G.   A. 
Martens,  Paul 
Patterson.  T.  A. 
Pyne,    F.    R. 

Egsex  Falls — 

Robb,   Chas.    D. 

Gloucester  City — 

Knoedler,   E.   L. 
Miner,   H.   S. 

Hack  en  sack — 

Schulze,    Paul 
Harrison — 

Hart,   L.   O. 

Haskell — 

Cummlngs,    TVm.    J. 

Higrh  Bridge — 

Hall.   John    H. 

Le  Boutillier.  Clement 

Hoboken — 

Bi.iur.  Jos. 
Winninghoff,   "W^.   J. 

Irrington — 

Bachofner,  D.  K. 

Jamesbtirg: — 

Foersterling,   Hans 

Jersey  City — 

Baldwin,   A.   I. 
Hartwick,    Frank    A. 
Lubowsky,    Simon   J. 
Sieger,   G.   N. 
Swartley,   H.   R.,  Jr. 

Manrer — 

Alexander,    H.    H. 
MindeleiT,    Chas. 

Merchantville— 

Wickes,   C.   S. 
Montclair — 

Crane,   F.  D. 
Ellis,    Carleton 
Smith,  Dyer 
Newark — 

Benjamin,  E.  O. 
Boice,   E.    N. 
Burger,  Alfred 
Campbell,    P.    A. 
Carter,    F.    E. 
Colby,   E.   A. 
Dewey,   E.   S. 
Driver,   W.   B. 
Drohegg,   G. 
Fernberger.   H.   M. 
Foster,    R.   D. 
Gifford,   W.    E. 
Heath,    H.   E. 
Henderson,    C.    T. 
Hoffmann,  John 
Hubley,    W.   F. 
Kleinfeldt,   H.   F. 
Liebschutz,   M. 
Madsen,  C.  P. 
McNeill,    Ralph 
Metz,  G.   P. 
Pope,   R.   W. 
Robinson,   F.   W. 
Sievering,   Philip 
Walsh,  P.  C,  Jr. 
"Weston,   E. 
Williams,  N.  O. 
Zimmermann,   F. 


NEW   JERSEY— Continued 
New  Brunswick — 

Keller.   Oran 

Voorhees,   L.   A. 
Nortli  Berg'en — 

Van   Keuren,   W.    L. 
Orang-e — 

Edison,    T.   A. 

Kammerhoff,   H.   H. 

Kennedy,   A.  M. 

Smith,  H.  H. 
Paterson — 

Jarvis,   E.   G. 
Perth  Amboy — 

Antisell,    F.    L. 

Brown.   M.   J. 

Fi=her.   H    W. 

Kaufmann,  F.  A. 

McNitt,   R.   J. 

Philipps,    H. 

Roessler.  F. 

Kr)=si,   I^ouis  M. 

Skowronski,   S. 

Stewart,   M.   E. 

""'aring.  T.   D. 

Zwingenherger,   O.   K. 
Phillipabiirg^ — 

Baker,    John   T. 
Plainfleld— 

Hibbard,    H,    D. 

Manahan.    Paul   R. 

Pratt,   H.    A. 

Ppicer,   C.    "W. 

Worth,   B.   G.,  Jr. 
Princeton — 

Hulett,   G.   A. 

Northrup.    E.    F. 

Taylor,   H.    S. 

Railway — 

Breckenridge.   C.   E. 
Maeulen,    Frederick 
Miller,  Daniel 
Murray,    B.    L. 
Roselle — 

Grymes,   E.   S. 

Rutherford — 

Daft,   Leo 

Schroeder.   C.  M.   E. 
Sewaren — 

Buttfleld,  W.   J. 
Cowles,   A.   H. 
Lemberg,    M. 
8onth  Orang:e— 

Yunck,  Carl  I. 
Yunck,   J.   A. 

Summit — 

Hornsey,  J.  W^. 

Trenton — 

Redneld.    C.    S. 
Schleeder,    L.    B. 
Upper  Ridgewood — 

Czarnecki,   F.   C. 

Watchung — 

Moldenke,   Richard 

Weehawken — 

Kraus,   Ernest 
Laise,    C.    A. 
Schubert,   B.   H. 

West  Orange — 

Pedersen,   A.   Z. 

Woodbridge — 

Child,   H.   A. 
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NEW  YORK 

Albany — 

Rankin,   Herbert  E. 
Astoria  (L.  I.)  — 

Mahlman,    O.    L 
Wilson,  I.   W. 
Auburn — 

Case,   T.  W. 
Case,  "W.  E. 

Baldwin   (L.  I.) 

Vogeler,  W.  R. 
Bedford  Hills — 

Howe,  H.   M. 

Beecbnrst   (L.  I.) 

Landis,    "W.    S. 
Brooklyn — 

Allen,   O.   F. 
Carrier,   S.    C. 
Cook,   R.   J. 
Cowan,  Wm.  A 
Erhart,    W.    H. 
Foster,   O.   R. 
Frederick,   G.   E.,   Jr 
Kemper,  D.  A.     ' 
Nees,  A.   R. 
Reich,   J.  S 
Scott,  L.   C. 
Sheldon,    S. 
Sperry,   E.   A. 
Voss,    William 
Watkins,  W.   H 
Weber,   Max   G. 
Buffalo — 

Albright,  L. 
Blerbaum,   C.   H. 
Carrier,  W.   H. 
Corse,    Wm.   M. 
Curtiss,  John  L. 
Cushing,  H.  M. 
Doty,   E.   L. 
Fish,   Job,  Jr. 
Hardie,   Chas.   G 
Jones,   A.   C. 
Lawrence,    J.    N. 
Mattern,   G.   G 
Neal,  J.  R.  H 
Patch,  N.  K.  B. 
Rippel,    E.   G. 
Schoellkopf,    J.    f.     Jr 
Schranz,  T.  L. 
Sicard,   H.  C. 
Stephenson,    H.    L. 
Strachan,  E.  K. 
Theurer,   G.  A. 
Underwood,  C    W 
White,    H.    E 
Wilke,   Wm. 
Wilson,   J.   R. 
Yager.   J.   j. 
Zaremba,  Edward 
Clinton- 
Saunders,   A.   P. 
Flushing   (L.  i.)_ 
Bajda,   J.   j. 
Lyons,  H.   N. 
Fort  Plain- 
Fox,  W.  J. 
Fulton — 

Valentine,  I.   R. 
Glens  Falls — 

Hilliard,   John   D. 


NEW    YORK— Continued 
Ithsca — 

Bancroft,  W.  D 
Glllett.  H.  W. 
Mack,  E.  L. 
McBerty,  F.  H. 
Thompson,  J.  g 
Williams,  C.  E. 
Kenwood — 

Reeve,   A.   G. 
LaSalle — 

Shields,   J.   E. 
Lockport — 

Howard,   L.    E. 
Kenan,    W.    R.,    jr. 
Afassena — 

Doerschuk,  V    C 
Hall,   H.   M.     ' 
Little,  W.   T. 
Menands — 

Shiverick,   M.   d. 
Mt.  Vernon — 

Brown,   C.   J. 
Wilson,   C.   H. 
New  York  City — 
Abb6,   p.   o. 
Acheson,    E.    G. 
Addicks,    L. 
Allyn,    R.    s. 
Aldridge,   W.    H. 
Andrews,  Mary  R 
Anger,  E.   M, 
Atwater,   C.   G 
Baker,  H.  A. 
Barnes,  H.   H.,  Jr. 
Barrows,  F.  E. 
Barstow,  w.  s! 
Baskerville,   C.  ' 
Beck,   E.   A. 
Bedell,  E.  H. 
Bergen,   R.  c. 
Boeck,  P.  A. 
Bogue,   C.   J. 
Bowman,  W 
Bradley. 'Linn 
Bradley,  w.  E.  F. 
Breneman,  A.  A. 
Brown,   H.   P. 
Buck,  H.   W. 
Cameron,   W.   S 
Canet,  B.  Chas. 
Carse,   D.   B. 
Castle,   S.  N. 
Chandler,  C.  F 
Clark,   W.    G. 
Clark,    W.    J. 
Coho,   H.  B. 
Cohoe,   W.   P. 
Cooper,   K.   F. 
Corning,   C.   R 
Crocker,   J.   R. 
De  Miles,  Paul 
Deppe,   W.   P. 
Dixon,   Jos.   L. 
Doerflinger.   W.   p 
Doremus,   C    A 
Dorr,  J.  V.  N. 
Douglas,   James 
Dreyfus,   W. 
Dyrssen.  Waldemar 
Eagle,   H.  Y. 
Elmer,  A. 
Emerson,  H. 
Englehard,    C 
Eurich,   E.  F. 
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NEW  YORK — Continued 
New  York  City — Continued 

Finl:,   C.   G. 
FitzGibbon,   R. 
Flashman,    H.    W. 
Fliess,   R.  A. 
Foley,   C.   B. 
Frank,   K.   G. 
Freas,   Thos.   B. 
Fries,   H.   H. 
Gaines,   R.   H. 
Glenn,   E.   R. 
Goepel.   C.   P. 
Gray,   J.   H. 
Grosver.or,  W.  M. 
Guess,    H.    A. 
Guiterman,    K.    S. 
Halcomb.   C.   H. 
Harris.   J.   W. 
Hasslacher,   J. 
Hatzel,  J.  C. 
Hendry,  W.   F. 
Herty,    C.    H. 
Hill,  N.  S.,  Jr. 
Hirsch.  Alcan 
Hirschland,    F.    H. 
Hoeft,   G.  Eliot 
Hoge,   J.   F.   D. 
Hunt,   A.   M. 
Huntoon.  L.  D. 
Ingalls.  W.  R. 
Inui.   Kyujiro 
Jacoby,  H.  E. 
Jlnguji,  Genjiro 
Johnson.    J.    E.,    Jr. 
Keller,    Edw. 
Kennedy,   J.   J. 
Kern,   E.  F. 
Kingsley,   E.   D. 
Klipstein.   E.   C. 
Knapp.    Geo.   O. 
Kohn,   M.   M. 
Kunz,   G.   F. 
Landau,   Alfred 
Langton,  J. 
Leavitt.  Wm.   F.   B. 
Ledoux,  A.  R. 
Leslie,    E.    H. 
Llebmann,   A.   J. 
Lindsay,  C.  F. 
Loebell.   H.   O. 
Love,   E.  G. 
Lovejoy,  D.   R. 
MacDonald,   J.   A. 
Magnus,   Benjamin 
Maier,   C.   G. 
Mailloux,   C.   O. 
Mantius,  Otto 
Martin,    T.    C. 
Marvin,  A.  B. 
Mason,  F.  S. 
Mastick,   S.  C. 
Mays.    S.   W. 
Maywald,    F.   J. 
McMahon,  G.  F. 
Mershon,   R.    D. 
Metz,    H.   A. 
Miller,   D.    D. 
Mohn,  Arnold 
Moody,  H.  R. 
Morey,   S.   R. 
Morgan,   J.    L.   R. 
Morrow,  J.  T. 
Morse,   W.    S. 
Mortimer,   J.  D. 
Muir,   J.   M. 
Muschenhelm,  F.  A. 


NEW  YORK — Continued 
New  York  City — Continued 

Myers,   W.   S. 
Nagelvoort,  Adriaan 
Nichols,    W.    H. 
Nichols,   W.   S. 
Ornstein.    G. 
Osborne,  L.   A. 
Oshlma,   Toshikiyo 
Parmelee,   H.   C. 
Paulsson,  Axel 
Pennie,  J.  C. 
Peters,    F.    F. 
Petinot,   N. 
Price,    E.    F. 
Prindle,  E.   J. 
Prosser,    H.   A. 
Raimondo,  Sebastiano 
Reber,   Samuel 
Reed,    S.   A. 
Rhodln,  P.  E.  F. 
Ricketts,    L.   D. 
Riglander,   M.   M. 
Rlker,   J.  J. 
Riley,   L.   A.,   2d 
Roberts,    G.   J. 
Roller,   F.   W. 
Roth,  C.  F. 
Rowand,    L.    G. 
Ruhl,  L. 

Schildhauer,  Edw. 
Schloss,   J.  A. 
Schuetz,   F.   F. 
Seward,   G.    O. 
Sharp,    C.    H. 
Smith,  E.  A.  Cappelen 
Speed,   Buckner 
Speiden,  C.   C. 
Spilsbury,   E.   G. 
Statham,   Noel 
Stevenson,   Reston 
Stone,  I.  F. 
Stone,    Jos.    P. 
Stone,   J.    S. 
Stoughton,   Bradley 
Swenarton.  W.   H. 
Takamine,   J. 
Teeple,  J.   E. 
Thatcher,   C.   J. 
Thompson,   J. 
Toch,  M. 
Treadwell,    J.    C. 
Tucker,   S.  A. 
Van  Arsdale,  G.  D. 
Vom  Baur,  C.  H. 
Von  Foregger,  Richard 
W'addell,   M. 
Walker,  A.  L. 
Washburn,   F.   S. 
Waterman,    F.    N. 
W^eeks,    F.    D. 
Weintraub,  Ezechiel 
Wells,   J.   S.   C. 
Westervelt,    W,    T. 
Wheeler,  A.  E. 
Whitaker,    M.   C. 
White,    J.    G. 
White,   J.   H. 
Wiechmann,    F.    G. 
Wlgglesworth,   H. 
Wilkinson,   W.   N. 
Williams,    A. 
Williams,    J.    T. 
Williams,    L.   W. 
Winshlp,  W.   E. 
Wltherell,   C.   S. 
Wood,   E.   F. 
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NEW  YORK— Continned 
New  York   City— Contlcued 

Woodruff.   J.   c. 
Wright,   Arthur 
Wright,   J.   C. 
Zeller,   R. 

Nlagrara  Falls- 
Baker,   E.  M. 
Barton,   P.   p. 
Bayard,    R.    A. 
Beard,   C.   W. 
Becket,    F.   M. 
Blanchard,    H.    J. 
Bliss,  Wm.    Lord 
Carveth,   H.   R. 
Chace,   R.   t. 
Cole,   E.   R. 
Converse,  V.  G 
Cox,   G.  E. 
Dunlap,  O.   E. 
Edmands.   I.    R 
FitzGerald,    F.    A     J 
Fowler,   R.   E. 
Frary,    p.   r. 
Fuller,    G.    P. 
Gegenheimer,   R.   E 
Geyler,  F.   O. 
Gilbert,    H.    N. 
Glaze,  John  B. 
Glennie,   R    d 
Griffith,   J.   R.  ■ 
Hamann,    A.    M. 
Harper,    J.    L. 
Herzog,    G.    K. 
Hibbert,  Harold 
Hinckley.   A.   T. 
Hooker,   A.   H. 
Hutchins,   Otis 
Imlaj-,   L.   E. 
Jacobson,  B.  H. 
John.son,  J.   a. 
Kellogg,  H.  W. 
Koethen,   F.   L. 
Kokatnur,  V.  R. 
Lansing,   C.  N. 
Lavene,  H.  A. 
Lebherz,  John 
Leffel,   C.   E. 
Lidbury,   F.   A. 
Low,  F.   S. 
Lowe.   R.   E. 
Lyster,  T.   L.   B. 
MacMahon,  J.  D. 
MacMahon,  J. 
MacMillan.    J     R 
Marshal],   J.    G. 
Mauran,   M. 
McKnight,  W.  A 
Meredith.  W.  F. 
Moritz,  C.  H. 
Moyer,   G.   C. 
Mueser,   Emll 
Neuhaus.   R 
>>'oyes,    H.    L. 
Nutting.   E.   G. 
Osborne,   S.   E. 
Ralston,   O.    C. 
Rossi.  A.  J. 
Rowland,   J.   M. 
Saunders,   L.   E. 
Schabacker.   H.    E. 
Schoellkopf,   P.   a' 
Sergeant,   E.   M. 
Simmers,   a    L 
Smith,    A. 
Smith,   E.   S. 
Snowdon,   R.   c. 
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NEW  YORK-Contlnued 
Magara  Falls—Continued 

STjeiden.   E.    C. 
Stamps,    F.    A. 
Stillesen.  J.   m.   x. 
Stone.  G.  W. 
Tone,   F.  J. 
Vaughn,   C.   F. 
Wallace.  W. 
"Wescott.   E.   W 
Whitaker,  A.  W.,  Jr. 
White.    R.    H. 
Williamson,  a    M 
Wilson,   N.  A. 
Winder,    C    A 
Oneida — 

Bailey.   R.    o. 
Osslning: — 

Acker,   Chas.   E. 
Plemaont — 

Main.   W. 
Penn  Yan — 

Taylor,    C.    E 
Plattsbnrg— 

Sheffield,   W.   T. 
Prince  Ba.T   (L.  I.)  — 
Johnston,   F.  A. 
Johnston.  TV.  a. 
Richmond  Hill    (l.  j.)__ 
Haslwanter.   C 
Herreshoff,  J.  b. 
Rochester — 

Lee,    I.    E. 
Schwarz,    R     n 
"^Jll.   R.   T.  '      ■ 
Rome — 

Parish,   R.   r. 

Schenectady 

Andrews.   W.   S 
Arsem,  TV.   C 
Bere,    E.   J 
Coffin,  F.  P. 
Coolidge,  Wm.  D 
Creighton,   E.   E 
5^"t«*2en,   Christian 
Dushman,  Saul 
•Hawkins,   L.   a. 
Langmuir,   I 
Lof.   E.   A. 
Murphy,  E.  J 
Reist,   H.    G. 
Rushmore.    D    B 
Seede,  J.  a. 
Steinmetz,    C    P 
Taylor,  J    B.' 
Thompson,   M.    R. 
Thurston,   L.   s. 
Van   Brunt,   C 
Whitney,  W.  R 
Wllley,   L.   M.     ' 
Syracuse— 

Brookfleld,  W    B 
Conklin,   E.   B. 
Cooper,   H.   C. 
Harvey.  F.  A. 
Matthews,    J    A 
Newkirk,   E.   D. 
Pennock,  J.  D 
Troy- 

Bryson,  T.  A. 
Hunter,  M.  A. 
Lincoln.  A.  T 
Patton,   D.   c 
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NEW  YORK — Continued 


Webster — 

Weeks,    F.   D. 

Yottkers — 

Baekeland,  L.  H. 
Duurloo,   F. 

NORTH   CAROLINA 

AshevUle — 

Betts,  A.   G. 

Charlotte — 

Gilchrist,  P.  S. 

Clemmons — 

Pickens,    Rufus   H. 

West  Raleigh — 

Browne,   W.   H. 

Whitney — 

Kemmer,    F.    R- 

OHIO 

Akron — 

Shaw,    E.    C. 

Alliance — 

Bally,  T.  F. 
Cope,  F.  T. 
Foster,  C.  L- 

Amherst — 

Briggs,   F.   H. 

Barberton — 

Austin,  A.  O. 

Canton — 

MacGregor,   "Walter 
Meyer,    R. 

Cincinnati — 

Davison,   A.   W. 
Dittmar,    Carl 
Ecker,    Howard,   Jr. 
Elliott,   Geo.    K. 
Rotssler,  E.  B. 

Cleveland^ 

Brown,    J.    W. 
Burwell,   A.   W. 
Chillas,    R.    B.,    Jr. 
Clymer,  'W.   R- 
Cook,  Edw.   B. 
Crider,   J.   S. 
Drefahl,   L..   C. 
Fleming,   S.   H. 
Graves,   W.   G. 
Holmes,   M.   E. 
Hyde,    E.    P. 
Koehler,  "W. 
Kranz,  W.   G. 
Mainwaring,  Wm.   D. 
Megroot,   J.   P- 
Merrill,   G.   S. 
Morrison,   G.  O. 
Orr,   C.   A. 
Pratt,  E.  B. 
Richardson,    E.    A. 
Schmidt,   J.    H. 
Smith.  A.  W. 
Tower,    O.   F. 
Wellman,   S.  T. 
Woodward,   J.   M. 

Columbas — 

Daines,   W.    P. 
Demorest,    D.    J. 
Leonard,    G.    M. 
Schaaf,  Downs 
Withrow,   J.    R. 


Dayton- 


OHIO — Continued 

Clements,   F.   O. 
Gestle,  John 
Niswonger,  E.   E. 
Suman,   R.   G. 


Fostoria — 

Downes,  A.  C. 

Fremont — 

Goodwin,  J.  H. 

IL,akewood — 

Brooks,   W.    C. 
Bullock,   A.   R. 
Chaney,    N.   K. 
Chapin,   H.  C. 
Gillingham.  C.  A. 
Hazelett,   C.  W. 
Mann,  W.   W. 
Moore,  Wm.   C. 
Mott,   W.    R. 
Ordway,   D.   L. 
Pulman,  O.  S. 
Reid,   R.   R. 
White,   F.   L. 

Lima — 

Arthur,  Walter 

Mansfield — 

Darrah,  W.   A. 
Masslllon — 

Kennedy,  T.  O. 

Middletown — 

Ahlbrandt,    G.    F. 
Eldrldge,   S.    E. 

Napoleon — 

Long,   G.   E. 

Oberlin — 

Crafts,   W.   N. 

Portsmout  h — 

Kinnear,   H.    B. 

Rittman — 

Laib,  Walter 

Salem — 

Davis,   D.  L. 

Toledo — 

Fawcett,  L.  H. 
Green,  S.  S. 
Nagel,   W.    G. 
Wenner,  R.  S. 
Wadsworth — 

Shapiro,   H. 

OKLAHOMA 

Hartlesville — 

Born,  Sidney 
Parkhurst,    I.   P. 

Sbanmee — 

Dodge,  W.   E. 

Tulsa — 

Miller,   Walter 
Taber,    G.    H.,   Jr. 

OREGON 

Cornucopia — 

Nestler,   G.  A. 

Hood  River — 

Butcher,  J.  C. 

Marshfleld — 

Mereen,   J.  D. 

Portland — 

Hall,   E.   L. 
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PENNS\XVAXIA 

AUentown—  ^    -a    v 

McCuUough,   H..   *• 

Altoona — 

Casselberry,   H. 

Ambridge — 

Farnham,   F.   f  • 
Melneke,  O.  H. 

Ardnaore — 

Brumbaugh,  A.  *w. 

Aspinwall — 

Hedden,  S.  E. 
Hessom,  B.  F.,  Jr. 
McMiUen,  R.  H. 

Bellefonte — 

Ward.   A.   T. 

Ben  Avon — 

Aston,   J. 

Bethlehem — 

Blasius,  C.  E. 
Buck,  C.  A. 
Butts,  Allison 
Drinker,  P.  H. 
Fehnel,   J.  Wm. 
Fllnn,  E.  H. 
Hommel,   R.   "• 
MacNutt,   Barry 
Mitman,  W.  T. 
Richards,   J.  W. 
Roush,  G.  A. 
Seyfert,  S.  S. 
Takikawa,  Tasuo 

Boyerstown — 

Corbin,  J.  R- 

Brackenridge— 

Connell,   H.    R. 
Ober,  J.  E. 

Braddock — 

Lewis,  J.  D. 

BrldgevUle— 

Saklatwalla,   B.   u. 

Canonsbnrg— 

Vogt,   L.   F. 

Carnegie — 

Ohlwiler,   C.   H. 
Reese,   P.   P- 

Chester — 

Comey,  A.   M. 
Krause,  W.   B. 
Conshiohocken — 

Davis,   F.  "W. 

Coraopolis — 

Hensen,  Emil 
Stafford,   S.   G. 

Crafton — 

Griffin,   G.   B. 

Crelehton — 

Gelstharp,   F. 

Dnanesne — 

Stewart,  H.  M. 

Easton — 

Adamson,  G.   r. 
Buhl,  Wm. 
Gordon,  C.  McC. 
Hart,  E. 
Shinier,  E.  B. 
Edge  wood  Park — 
Scott.   W.    S. 


PENNSYLVANIA— Continued 

East  Pittsburgh— 

Schoepf,  T.  H. 
Skinner,  C.  E. 

EUwood  City — 

Dunn,  J-  J- 
Offutt,  J.  W. 

Gettysburg— 

Parsons,   Ij-   a. 

Greensburg — 

Koppitz,  C.  *-«. 

Harrisburg — 

Calder,   A.   R- 
Kinter,   G.   R- 

Houston — 

Patterson,  C    i. 

Jenkintown — 

Davis,  R.  W.,  Jr. 

Johnsonburg — 

Buckie,   H.   H. 

Johnstown— 

Parkhurst,   C    vv. 

Latrobe —  • 

Garratt,  Frank 
Knox,  L.  B. 

Lebanon — 

"Weimer,  E.   A. 

McKeesport-       ^     „     ., 
Goodspeed,    G.   m- 

Monessen — 

Owens,   E.   W. 

Mount  Penn — 

Kramer,   L.   B- 

Munhall —  ^     , 

Hopkins,    G.   A. 

Natronar— 

Darlington,   «.    a- 

New  Castle — 

Lamker,   H.   G. 

Samuels,   Wm.   F- 
New  Kensington — 

Hamor,  W.   A. 
Newton  HamUton— 

Snyder,   J.   L-   ^• 

Oakmont — 

Fernekes,  Gustave 
Hitner,   H.   F.  ■ 
Moore,  J.   R- 

Palmerton — 

Holsteln,   L.   S. 
Smull,   J.   G. 

Parnassus — 

Blough,   Earl 

Philadelphia — 

Asef,   Waldemar 
Benoliel,   S.   D- 
Bonine,  Chas.   E. 
Breed,  G. 
Brophy,   O. 
Brown,    R-    P. 
Buch.   N.  W. 
Burman,  B.   F. 
Bustos,   Enrique 
Callen,   A.   S. 

Gary.  C.  R. 

Clamer,    G.    H.. 

Devereux,  "W. 

Eglin,  W.  C.  L. 

Fraley,   J-   *^- 
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PENNSYLVANIA — Continued 
Philadelphia — Continued 

Franklin,   M.   W. 
Furness,  R. 
Gerety,  J.   J. 
Gibbs,   A.   E. 
Hall,  C.  A. 
Herinp.   C. 
Hess,  H. 
Hicks.    Edwin  F. 
Hildebrand,   J.   H. 
Hitchcock,  F.   R.  M. 
Holland,  W.  E. 
Howard,  G.  M. 
James,  W.  F. 
Keith,  N.  S. 
Kitsee,   I. 
Kutz,   Milton 
Lafore,  J    A. 
Lavino,  E.  J. 
Lav,  J.   Tracy 
Lukens,   H.   S. 
McConnell,   J.   T. 
Merzbacher,  Aaron 
Meyer,   J. 

Moerk,  F.  N. 

Morgan,  i-eonard  P. 

Ogden,   John 

Paul.  H.   N. 

Rittenhouse,  E. 

Rosengarten,    G.    D. 

Ru.<;sell,  C.  J. 

Sadtler,  S.  P. 

Kadtler.  S.  S. 

Salom,  P.  G. 

Schamberg,   M. 

Smith,  E.   F. 

Smith,   E.   W. 

Smith,    H.    F.,   Jr. 

Stevens,  J.   F. 

Taggart,   W.   T. 

Taylor,   H.   N. 

Thwing,   C.    B. 

Weeks,   C.    A. 

Weisenburg.  Andrew 

Wells,   H.   P. 

Williams,   H.   J. 

Wilson.   T.   E. 

Wirt,  Chas. 

Plttsbnrsrh — 

Bacon,   R.  F. 
Bear,   S.    L. 
Brown,   John  T.,   Jr. 
Clarke,   E.  B. 
Crabtree,   F. 
Crawford,    C.   A. 
Darrin,  Marc 
Dewey,   B. 
Dougherty,   J.   W. 
Flannery.  Jas.   J. 
Gibson.  C.  B. 
Goodale,   S.   L. 
Hartley,   R.   H. 
Hitchcock,   H.  K. 
James,  J.  H. 
Jones,  G.  W^. 
Kemery,  P. 
Kler.  S.  M. 
Laughlin,   H.    H. 
Lincoln,   P.   M. 
Loeffler,  Geo.  O. 
Mathtas.  D.   L. 
McDonald,  R.  A. 
McKinley,  Jos. 
McNiff,   G.   P. 
Meyers,  H.  H. 
Moore,   W.   E. 


PENNSYIiVANIA — Continued 
Pittsbnrg-h — Continued 

O'Neil,  R.  D. 
Page,   G.   S. 
Palmer,  C.  S. 
Pinkerton,   A. 
Pluck,  A.  F. 
Pope,   Chas.  E. 
Ray,  H.  C. 
Rodman,   H. 
Schluederberg,   C.    G. 
Slocum,  F.  L. 
Snyder,   C.    G. 
Speller.   F.   N. 
Stahl,  N. 
Stewart,   R.   T. 
Stone.   E.   C. 
Stupakoff,    S.    H. 
Styri,  Haakon 
Tafel,    Theodore,    Jr. 
Tlemann.  H.  P. 
Turnock,   E.    H.,   Jr. 
Turnock,  L.   C. 
Uhlenhaut.    F.,   Jr. 
Unger,   J.    S. 
Viol,   C.   H. 
Wadsworth.  F.  L.  O. 
Weldlein.   E.   R. 
Wiley,   B. 

Tardley,  J.   L.   McK. 
Zimmerman,   R.  E. 

Primes — 

Boericke,  G. 
Stein,  W.  M. 

Reading: — 

Parker.   Ja<=.   H. 
Shindell,    H.    F. 

Roaringr  Springs — 

McDonald,   F. 

Slatlngton — 

Eberwein.   S.   J. 

Spring-dale — 

Cox,    S.    F. 
State  College- 
Bright,   A.  C. 
Chfdsey,   W.   R. 
Dudley,   Boyd,  Jr. 
Pond,   G.   G. 

Steelton — 

Reed.  J.  C. 

Swarthmore — 

Alleman.  G. 
Creighton,  H.  J. 

Tamaqua — 

Burt,  M.  C. 
Given,  G.  C. 
McQuaid,  H.  S. 

Tarentnm — 

Parkinson.    J.    C. 

Washington — 

Duval.  A.  L. 
Morrison,  M.   E. 
Sargent,   G.   W.. 

Wilkinsborg — 

Adams,   J.   L.,   Jr. 
Bjorkstedt,  G.  W. 
Stephens,   C.   E. 
Wills,   Wm.    H.,   Jr. 
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PENNSYLVA  MA— Continued 
Wilkes-Barre-^ 

Strauss,  F.  A. 
Wyomisslng — 

Parker,  J.  H. 
York— 

Devers.  P.  K. 

BHOD£  ISLAND 
?fewT)ort — 

Richards,   E. 
Providence- 
Andrews,   J.    H. 
Saunders,   "W.   M. 
Thurber,  J.  H. 

SOUTH  CAROLINA 
Columbia^ — 

Mills,  J.  E. 
Stiinter — 

Van  Deventer,   H.   R. 

TENNESSEE 

Aliens  Creek — 

Foust,    T.    B. 
Maryville^ 

Adams,    T.    J. 
Parks,  R.   E. 

Mascot — 

Toomer,  J.   E. 

TEXAS 

Austin — 

Harper,   H.  W. 

Schoch,  E.  P. 
Fort  Worth — 

Slater,  W.  A. 
Honston — 

Welser,  H.  B. 
Port  Arthur — 

Alexander,    C.    M. 

Stockton-Abbott,   L. 

UTAH 
La  Sai — 

Morgan,  H.  J. 
Pleasant  Grove — 

Hayes,   J.   J. 
Provo  City — 

Smith,    F.   "W. 
Salt  Lake  City- 
Austin,  L.   S. 
Blossom,    E.   L. 
Bradford,    R.    H. 
Emery,  "W.   L. 
Hansen,    C.    A. 
Koering-,   B.  K. 
Putnam,  W.  R. 

VERMONT 

Northfleld — 

Howard,   S.   F. 

VIRGINIA 

Charlottesville — 

Weaver,  W.  D. 
Holcomb's  Rock — 

Lee,   H.   R. 


VIRGINIA — Continued 
Norfolk — 

Webb,   L.   W. 
Portsmouth — 

Barcla-y,    E.    H. 
Riclunond — 

Walters,   Jos. 
University — 

Dunnington,    F.    P. 
Yorktown — 

Williams,    E.    R. 

WASHINGTON 

Seattle — 

Miller,   A.    A. 

Ryan,   F.  C. 

Thomas,   B. 
Spokane — 

Armstrong,    L.   K. 

Keffer,   Frederick 
Tacoma — 

Everette,   W.    E. 

Morse,  W.  V. 

Porro,    T.    J. 
Valley- 
Bowman,  F.  C. 

WEST  VIRGINIA 

Charleston — 

Carrier,    C.    F.,    Jr. 

Pierce,    J.    B.,    Jr. 

Rollin,  Hugh 
Follansbee — 

Barr,   H.   L. 
Morgrantown — 

Clark,   F.   E. 

Hite,   B.    H. 

Piedmont — 

Randall,   J.    w.    H. 
St.  Albans — 

Sargent,   R.   N. 
Warwood — 

Bumgardner,   J.   W. 

WISCONSIN 

Madison — 

Burgess,   C.   F. 
Hamister,  V.   C.  H. 
Helfrecht,   A.   J. 
Kahlenberg,    L. 
Kowalke.   O.   L. 
Ruhoff,   O.   E. 
Schulte,    W.    B. 
Storey,    O.    W. 
Watts,   O.   P. 

Milwaukee — 

Bovee,  B.  A. 
'Gosrow,   R.   C. 
Kremers,  J.  G. 
Ra"th,   F.   C. 
Richardson,  L.   T. 
Smith,  J.   H. 

WYOMING 
Thermopolis — 

Freeman,   G.   N. 
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CANADA. 


BRITISH  COLUMBIA 

Xelson — 

Fowler,    S.    S. 
Trail — 

Batchelder,   J.   K. 

Hamilton,  E.  H. 

Lytic.   L.   B. 
Vancouver — 

Barwick,   W.   S. 

Hayward,  R.  F. 

Mcintosh,    D. 

MANITOBA 
East  Kildonan — 

Baker,  L.   R. 
Winnipeg: — 

Armes,   H.   P. 
Morden,  G.  W. 

NOVA  SCOTIA 
New  Glasgrow — 

Cant!ey,   T. 

ONTARIO 

Kakabeka  Falls — 

Farrow,   P.   R. 
Kingrston — 

Goodwin,   L.  F. 
Goodwin,  W.   L. 
Niasrara  Falls — 

Arison,  W.   H. 

Ojibway — 

Baltv;ell,  W.   H. 
Orang;eville— 

Deagle,   L.   M. 
Orillia — 

Tudehope,   H.   R. 
Sandwich — 

Walker.   G.    H.   P. 
St.  Catharines — 

Heltmann,   E. 
Sudbury — 

Morin,    H.   A. 
Thorold — 

Atwood.    F.    C. 
Toronto- 
Bain,   J.    W. 

Barrows,   W.   S 


ONTARIO— Continued 


Toronto — Continued 

Bennle,  P.  McN. 

Boswell,   W.   O. 

Burt-Gerrans,   J.   T. 

Gaby,  F.  A. 

Guess,   G.   A. 

Hedstrom,    E.    S. 

Kaemmerer,    J.   A. 

Kenrlck,   P.   B. 

MacDougall,   A.   J. 

Mathewson,    E.    P. 

Miller,   W.   L. 

Moffat,  J.  W. 

Salisbury,   E.   F.   "W. 
Welland — 

Carnegie,   E. 

Eaton,    I.   C. 

Guinther,    John 

Humbert,   E.   P. 

Kelleher,    James 

Renton,  W.  L. 

Turnbull,   R. 

Wilson,   W.   K. 

Young,  John 
Windsor — 

Henderson,    E.    G. 

Vorce,   L.   D. 

QUFBEC 

Bucklngrham — 

Hambley,    F.   J. 
Chandler — 

Hedin,   Jos.    E. 
Montreal — 

Davidson,   T.   R. 

Hough,   A. 

Medbury,   C.  F. 

Pascoe,   C.   F. 

Randall.    H.    E.,    Jr. 

Stansfleld,    A. 
Ottawa — 

Haanel,    E. 

Simpson,    Louis 
Quebec— 

McKee,  G.   M. 
Shawinig-an  Falls — 

Acton,    E.    H. 

Witherspoon,    R.   A. 
Westmount — 

Spencer,   A.   G. 


Coahuila — 

Berthier,   U.    H. 


CUBA. 


Mexico— 

Hinton, 


Isle  of  Pines — 

Roberts,    I.    L. 

SOUTH  AMERICA. 


BRAZIL. 

Rio  de  Janeiro — 

De  Medeiros.  T.  s 

S.  Paulo- 
Bowles,    R,    H. 
De   Souza,    E 

Villa  Nova  de  Lima — 

Jones,   H. 

Wilder.  F.  L. 


CHILE 

Chuquicamata — 

Dalmeida,   J.   A. 
Jorgen.sen,    E.   L. 
Krog,   Karl  M. 
McClenahan,  J.   I 
Merrill,   M.   W. 
Oldright.   G.  L. 
Smith.   F.   T. 
W'se.  J.   B. 
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SOUTH  AMERICA— Continued. 

CHILE — Continued 
CHDLE — Continued 
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Rancasrna — 
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An  address  delivered  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917. 


THE  PRODUCTION  OF  ELECTRICITY  BY   STEAM  POWER 

By  Alex  Dow.* 

I  came  here  tonight  to  keep  a  promise  which  was  broken  some 
six  months  ago.  I  was  then  called  to  Washington  on  some  busi- 
ness of  alleged  national  importance,  which  did  not  prove  to  be 
of  great  moment.  These  things  are  the  troubles  which  beset  us 
all  in  war  times.  To  see  so  many  people  present  at  a  war-time 
convention  is  a  surprise  and  a  great  delight. 

You  are  more  interested  in  power  delivered  and  available  for 
your  work  than  you  are  in  the  question  of  generating  or  producing 
power  at  the  terminals  of  a  dynamo-electric  machine ;  therefore, 
it  will  be  necessary  for  me  to  talk  discursively,  to  get  into  ques- 
tions of  distribution  and  transmission,  and  to  some  extent  into 
the  utilization  of  power  in  order  to  get  before  you  the  ideas 
which  I  think  you  expect  me  to  present,  namely,  the  present 
status  of  the  production  of  electric  power  from  steam,  as  I  under- 
stand that  status. 

I  have  not  prepared  a  paper  for  you ;  I  tried  to  avoid  that  sort 
of  thing.  It  is  one  thing  to  talk  to  an  audience  on  a  subject  fairly 
fresh  and  recent  in  your  mind,  and  another  thing  to  write  a  com- 
position which  will  stand  critical  analysis  in  the  office  or  the  re- 
search laboratory  afterwards.  And  I  have  an  inherited  national 
prejudice  against  reading  an  address  anyhow. 

You  know  the  tale  of  the  Scotch  preacher  whose  early  eff'ort 
was  a  great  failure,  and  he  did  not  know  why  until  he  asked  an 
old  friend,  who  said,  replying  to  the  preacher's  question  of  why 
he  failed :  "Robbie,  there  were  three  reasons :  one  was,  you  read 
it ;  the  second  was,  you  read  it  badly ;  and  the  third  was,  it  was 
not  worth  reading." 

I  intend  to  avoid  the  first  two  reasons,  and  as  to  the  third 
trouble,  you  may  judge  for  yourselves  later. 

•  President,  Detroit  Edison  Co.,  Detroit. 
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Let  me  make  the  point  again,  that  deHvered  power  and  gener- 
ated power  are  two  different  factors.  Generated  power  is  the 
actual  power  produced  at  the  terminals  of  your  machine ;  the  out- 
put is  the  amount  of  power  delivered  from  your  station  into  the 
trunk  lines.  The  difference  between  the  two  represents  uses  in 
the  power  house,  lighting,  heating,  excitation,  the  operation  of 
auxiliaries,  and  all  the  minor  losses  incurred  in  any  power-plant 
operation.  The  net  power  output  is  what  the  great  majority  of 
central-station  men  are  concerned  with.  Then  they  have  a  third 
expression  "cost  of  power  delivered,"  and  that  is  the  amount  of 
power  delivered  to  consumer  and  presumably  paid  for.  The  con- 
fusion between  these  three  is  sometimes,  I  am  sorry  to  say,  in- 
tentional. Some  persons  have  the  habit  of  expressing  their  costs 
in  generated  units.  In  one  instance  I  found  a  discrepancy  between 
generated  units  and  units  delivered  to  the  lines  for  distribution 
use,  of  the  order  of  ten  percent.  And  when  that  error  was  cor- 
rected the  costs  boasted  of  were  not  worth  looking  at  twice. 
Costs  said  to  be  remarkable  proved  to  be  only  good  average  prac- 
tice. 

The  final  figure,  delivered  power,  varies  again  a  great  deal.  In 
a  close  net-work,  such  as  serving  one  big  mill  owning  its  own 
power  plant,  the  difference  between  output  and  the  actual  delivery 
to  the  points  of  use  may  be  eight  or  ten  percent.  In  a  complex 
system,  covering  a  large  area,  and  delivering  power  in  different 
forms,  the  order  of  difference  is  more  likely  to  be  20  percent  and 
upwards.  That  is  to  say,  if  the  customers'  meters  of  a  large 
central-station  net-work  account  for  80  percent  of  the  output 
from  the  power  house,  they  are  doing  very  well.  That  distribu- 
tion efficiency  is  first-class  practice. 

There  are  many  well-operated  net-works,  which,  from  obviously 
unavoidable  conditions,  do  not  have  a  distribution  efficiency  ex- 
ceeding 72  or  IZ  percent.  Commercially  their  practice  is  all  right, 
but  the  difference  between  power  generated  and  power  delivered 
by  the  central-station  systems  to  the  customers'  terminals  is  large 
enough  to  be  an  appreciable  factor  in  the  cost. 

To  come  here  and  talk  to  this  audience  one  should  qualify  as 
a  teacher.  Once  in  my  lifetime  I  qualified  as  an  expert  witness, 
and  I  hope  the  Lord  will  forgive  me  for  it.  It  was  somewhere 
about  1870—1  am  quite  as  old  as  that — in  1870  I  made  my  first 
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acquaintance  with  the  inwardness  of  electric  power.  My  text- 
book was  one  which  I  doubt  if  any  one  here  would  accept.  It 
was  Dr.  Gardner's  Museum  of  Science  and  Art.  I  read  that  very 
earnestly  as  a  child,  and  therein  I  made  the  discovery  that  James 
Watt  did  not  invent  the  steam  engine.  And  I  made  a  further 
discovery  which  many  of  my  good  friends  have  not  yet  discov- 
ered ;  which  is  that  what  he  did  invent  is  the  separation  of  the 
condenser  from  the  cylinder.  Somehow  it  seems  to  me  that 
every  development  of  efficiency  in  steam  power  from  James 
Watt's  day  to  our  own,  has  been  in  further  separation. 

The  first  division  in  the  steam  chamber  was  made  by  James 
Watt ;  the  separation  of  the  steam  chamber  into  successive  cham- 
bers, all  the  way  from  double  to  sextuple  chambers,  is  within  the 
memory  of  most  of  you  here;  and  the  establishment,  instead  of 
successive  chambers,  of  a  long  gradient,  as  in  the  turbine,  is  a 
matter  of  the  last  fifteen  years.  We  are  now  separating  the  func- 
tions of  the  condenser  into  condensation  of  steam  and  removal 
of  air. 

Therein — in  separation — has  lain  every  vital  improvement  in 
the  steam  engine.  The  others  have  been,  not  in  physics,  but  in 
mechanism. 

The  next  date  in  my  memory  is  1888 — when  I  got  acquainted 
with  a  certain  12  by  12  high-speed  engine  running  280  or  300 
revolutions  per  minute,  in  Southern  Illinois,  in  which,  and  in  the 
electric  system  connected  with  it,  my  then  employers  had  a  fifty 
percent  interest.  And  the  problem  then  put  to  me,  I  being  an 
alleged  electrical  engineer — I  say  "alleged"  advisedly — was  why 
if  an  engine  of  that  type  would  produce  on  test  a  horsepower  for 
every  four  pounds  of  coal,  why  that  particular  beast  should  re- 
quire ten  or  twelve  pounds.  That  involved  a  determination  of 
what  the  engine  was  really  doing,  and  it  startled  me  to  find  that 
its  consumption  was  in  fact  17  pounds  of  coal  per  horsepower 
hour.  There  are  a  number  of  varieties  of  that  engine,  and  it  has 
many  brothers  today.  You  must  blame  the  combination — of 
boiler,  and  engine,  and  then  possibly  throw  in  some  of  the  human 
element.  But  when  I  got  through  I  had  a  clear  idea  of  what 
load-factor  meant,  and  what  cylinder  condensation  meant.  I 
became  familiar  with,  and  contemptuous  of,  automatic  cut-offs, 
and  to  think  that  throttling  had  some  virtues.    It  had,  and  still  has. 
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The  Willans  Law — the  law  that  the  steam  used  by  any  engine 
is  a  constant  plus  a  variable,  the  variable  being  proportioned  to 
the  load,  was  announced  about  that  period,  and  was  one  of  the 
first  recognitions  of  what  actually  went  on  in  a  high-speed  engine. 
Willans  (you  may  remember)  divided  his  very  successful  engines 
into  many  chambers.  He  reduced  the  wetted  surfaces ;  he  pro- 
duced a  wonderful  valve,  and  those  engines  of  his  are  still  con- 
tinuing in  service  today,  and  they  are  very  hard  to  beat  in  steam 
efficiency,  especially  if  given  a  little  superheat. 

I  find  that  vision  of  load  factor  had  become  a  rule,  a  guiding 
law,  to  me,  when  in  1894  I  found  myself  called  upon  to  design  a 
plant  for  a  street-lighting  load,  a  matter  of  2,000  h.  p.,  in  four 
or  five  engine  units,  with,  at  night,  a  street-light  load  of  4,000 
hours  a  year,  shut  down  at  the  coming  of  daylight;  and  only  a 
trifling  load  all  day. 

I  deliberately  selected  a  marine  type  steam  engine  for  160  to 
170  pounds  steam,  at  practically  a  fixed  cut-off,  although  there 
was  a  governor  of  a  sort ;  and  I  met  the  occasion  of  a  day  load, 
which  ran  from  150  h.  p.  down  to  75  h.  p.  by  the  expedient  of 
letting  steam  pressure  run  from  160  or  170  pounds  down  to  80 
pounds  on  the  boilers — down  as  low  as  it  would  go  before  I  did 
any  new  firing.  The  result  was  it  reduced  the  use  of  coal  to  four 
pounds  per  kilowatt  hour,  which  would  be  equivalent  to  2^/2  per 
indicated  h.  p. 

In  that  design  there  was  a  point  I  would  like  to  put  before  you, 
as  it  illustrates  the  cost  of  distribution.  I  and  my  associates  de- 
liberately chose  series-wound  dynamos  of  rather  low  efficiencies, 
down  in  the  eighties,  as  against  bigger  dynamos  of  better  types, 
because  the  problem  had  to  be  treated  as  a  whole  as  one  of  cost 
of  current  actually  delivered  to  the  street  lamps;  and  since  the 
circuits  ran  into  some  fifty  square  miles  of  territory  to  light,  it 
was  highly  desirable  to  do  as  we  did  and  keep  transmission  losses 
down  to  seven  or  eight  percent,  instead  of  accepting  higher  power- 
house efficiencies  and  let  the  other  losses  run  to  18  or  20  percent, 
which  the  higher  power-house  efficiencies  would  have  predicated. 
Please  notice  the  acceptance  of  the  lower  efficiency  at  the  power 
house,  to  obtain  maximum  delivery  at  the  point  of  use. 

In  1908  I  believe  it  was,  I  made  my  first  personal,  real  contri- 
bution to  the  reduction  of  steam-power  cost.     Up  to  that  time 
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I  was  merely  developing  the  ideas  of  other  men.  Then  I  came 
to  the  conclusion  that  a  large  boiler  would  be  perfectly  safe  and 
feasible;  that  a  very  large  furnace  was' desirable  for  burning 
bituminous  coal ;  that  stokers  should  have  certain  characteristics  ; 
and  I  was  able  to  get  the  financial  support  to  build  a  power  house 
designed  for  56,000  kilowatts,  in  which  the  boilers  and  furnaces 
were  of  that  type. 

In  1912  two  of  these  boilers  were  tested  very  liberally  by  Dr. 
Jacobus,  and  the  results  of  those  tests  are  in  the  text-books  now. 
They  established  the  very  great  importance  of  the  correct  adjust- 
ment of  the  furnace,  and  the  stoker  as  a  part  of  the  furnace,  to 
the  proposed  fuel  and  the  proposed  work.  They  also  decided 
that  the  efficiency  curve,  of  the  boiler  and  furnace  together,  is  a 
very  fiat  curve;  that  a  range  (in  this  instance)  from  forty  percent 
of  the  nominal  rating  to  200  percent  of  the  nominal  rating  of  the 
boiler,  was  entirely  practicable.  That  upper  limit  has  now  been 
much  exceeded.  A  design  for  long  range  is  essentially  a  compro- 
mise design.    Please  do  not  overlook  that. 

Lastly,  in  1914  and  1915,  came  the  Connors  Creek  power  house, 
which  represented  the  best  I  knew,  and  which  is  the  occasion  why 
I  speak  to  you  tonight.  The  figures  of  the  operating  cost  of  that 
power  house  have  been  given  to  the  public.  They  have  been  pub- 
lished at  six  months'  periods,  and  by  years,  and  as  far  as  I  am 
advised  they  have  not  been,  for  long  periods  and  for  a  complete 
power  house,  thus  far  improved  upon.  I  know  of  three  power 
houses  in  operation  and  some  others  coming  through,  which 
should  beat  them  eight  or  nine  percent ;  but  their  figures  have  not 
been  given  out,  and  we  are  from  time  to  time  assured  that  the 
beating  to  which  we  are  entitled  has  not  yet  been  given  to  us. 

The  three  Tables,  I,  II  and  III,  are  tabulations  of  the  Connors 
Creek  plant  costs  for  three  periods  of  twelve  months  with  a  six 
months'  shift  between  periods.  They  thus  cover  two  years.  It 
is  necessary  to  use  figures  for  one  year  in  such  presentations  be- 
cause of  the  difference  between  summer  and  winter  costs  and 
because  of  occasional  temporary  aberrations  of  service,  or  of  fuel, 
which  would  give  exceptionally  good  or  exceptionally  poor  show- 
ings for  shorter  periods.  It  will  be  noticed  that  the  increased 
cost  is  almost  entirely  in  the  increased  price  of  fuel.  To  a  small 
extent  it  is  due  to  uneven  quality  of  fuel,  because  for  the  last  nine 
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months  we  had  to  burn  any  kind  of  coal  we  could  get,  and  a  change 
from  one  fuel  to  another  is  always  temporarily  accompanied  by 
poorer  combustion.  The  other  causes  affecting  costs  are  very 
decided  increases  in  hourly  rates  of  pay,  the  eft'ect  of  which  is 
cancelled  to  a  good  extent  by  increased  output ;  and  the  fact  that, 
during  the  Table  III  period.  No.  2  turbine  was  rvnming  without 
its  last  row  of  nozzles  and  buckets,  and  its  steam  consumption 
was  thereby  increased  some  four  percent. 

Note  that  the  stated  output  is  kilowatt-hours  metered  to  out- 
going 23,000-volt  trunk  lines,  also  that  the  stated  load  factor  is 
a  customary  central  station  load  factor  based  upon  the  maximum 
half-hourly  reading  of  output  during  the  period. 

Let  me  say  this :  Fuel  cost  is  the  one  figure  on  which  com- 
parisons can  be  made,  and  fuel  cost  must  be  expressed  in  heat  units 
to  make  the  comparison.  These  Connors  Creek  figures  show 
year  in  and  year  out  an  approximation  of  20,000  heat  units  per 
kilowatt-hour  with  periods  below  and  periods  above  it.  In  cases 
where  they  exceed  the  20,000  figure,  the  excess  is  of  the  order  of 

Table  I. 
Connors  Creek  Plant. 

Costs  Per  Kilowatt-Hour  of  Net  Output. 
Twelve  Months  Ending  June  30,  1916. 

Production  Account  ,„      ,  _ 

^  ^        , .  rotal  Expense 

Operation:  Expense  per  Kwh. 

Superintendence    $  16,841.40  0.013c. 

Wages    .- 54,308.36  0.043 

Fuel  197,554.76  0.158 

Water    10.00 

Lubricants    1,416.60  0.001 

Station  supplies  and  expense 5,562.85  0.005 

Maintenance: 

Station  buildings  7,786.96  0.006 

Steam  equipment   23,826.70  0.019 

Electrical  equipment   3,299.80  0.003 


Total   $310,607.43  0.248c. 

Kwh.  output  125,158.800  kwh. 

Maximum  demand   (30  minute) 35,000  kw. 

Average  load  14,300  kw. 

Load  factor   0.409 

Coal  per  kwh. — pounds 1.44 

B.  T.  U.  per  kwh 19,700 
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Table  II. 

Connors  Creek  Plant. 

Costs  Per  Kilowatt-Hour  of  Net  Output. 
Twelve  Alonths  Ending  December  31,  1916. 

Production  Account  ,«  ,  ,  -.^ 

_  .  Total  Expense 

Operation:  Expense  perKwh. 

Superintendence    $  20,521.67  0.013c. 

Wages    68,477.62  0.042 

Fuel   282,135.47  0.174 

Water    10.00 

Lubricants 1,055.23  0.001 

Station  supplies  and  expense 10,037.92  0.006 

Maintenance : 

Station  buildings  11,711.94  0.007 

Steam  equipment   26,670.32  0.016 

Electrical   equipment    4,394.92  0.003 


Total    ;  .8425,015.09  0.262c. 

Kwh.  output   162,117,600  kwh. 

Maximum  demand  (30  minute) 36,000  kw. 

Average    load    18,500  kw. 

Load  factor   0.514 

Coal  per  kwh. — pounds 1 .45 

B.  T.  U.  per  kwh 19,800 

Table  III. 

Connors  Creek  Plant. 

Costs  Per  Kilowatt-Hour  of  Net  Output. 
Twelve  Months  Ending  June  30,  1917. 

Production  Account                                                                          _      ,  _ 

^.         ,.                                                                                                  Total  Expense 

Uperation:                                                                                           Expense  per  Kwh. 

Superintendence    $21,756.67  0.010c. 

Wages    98,710.84  0.047 

Fuel   503,447.63  0.240 

Water    .51 

Lubricants    1,193.73  0.001 

Station  supplies  and  expense 11,096.28  0.005 

Maintenance: 

Station  buildings  22,174.19  0.011 

Steam  equipment   40,353.83  0.019 

Electrical  equipment 2,939.75  0.001 

Total   $701,573.43  0.334c 

Kwh.  output   210,039,700  kwh. 

Maximum  demand   (30  minute) 50,000  kw. 

Average  load  23,900  kw. 

Load  factor   0.478 

Coal  per  kwh. — pounds 1 .52 

B.  T.  U.  per  kwh 20,040 
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13^  or  2  percent,  and  when  they  get  below  it,  it  is  at  very  favor- 
able seasons  of  the  year.  They  are  the  best  which  can  be  done 
with  the  present  limitations  of  that  power  house. 

The  house  is  of  a  design,  and  a  selection  of  machinery,  of  the 
years  1913  and  1914.  It  is  not  completed.  When  completed  it 
will  do  a  little  better.  The  reduction  of  losses  by  radiation  from 
the  boilers  proper  is  so  extreme  that  the  boiler  room  must  be 
heated  in  winter  for  the  firemen.  The  turbines  are  essentially 
12  lb.  per  kilowatt-hour  machines,  and  are  habitually  operated  at 
their  best  points,  say  11^  on  test  conditions;  but  we  do  not  rate 
them  at  that. 

The  particularly  interesting  feature  is  the  arrangement  made 
for  getting  the  most  out  of  the  steam  used  by  auxiliaries ;  and 
here  begins  what  I  might  call  Chapter  1  of  Instruction — because 
so  far  I  have  only  given  you  historic  classification — as  follows : 

Heat  Balance :  You  shall  not  throw  heat  overboard  beyond 
what  you  cannot  save,  and  you  shall  get  as  much  power  out  of 
all  the  steam  you  make  as  is  possible. 

Now,  if  you  will  turn  your  memory  back  you  will  recall  that 
feed-pumps  and  condenser  pumps  and  auxiliaries  of  all  kinds  were 
once  upon  a  time  habitually  driven  from  the  main  engine,  and 
therefore  they  had  the  efficiency  of  the  main  engine.  Marine 
practice,  until  recently,  was  exactly  that  way,  and  thereby  rose 
a  compromise,  due  to  the  limited  spaces  and  weights  in  marine 
practice,  of  running  at  24  to  25  inches  vacuum ;  because  expe- 
rience showed  that  to  put  the  feed-water  into  boilers  at  tempera- 
ture corresponding  thereto  was  more  efficient  than  to  get  better 
vacuum  at  the  expense  of  colder  feed-water.  Colder  feed-water 
meant  you  were  pumping  too  much  heat  overboard ;  and  that  loss 
overboard  is  the  one  hopeless  proposition  today.  You  will  remem- 
ber that  something  like  eight-tenths  of  the  heat  units  are  hope- 
lessly lost  in  the  condensing  system ;  and  therefore  any  heat  pro- 
cess which  uses  electric  heat  originating  in  fuel  carries  a  heavy 
initial  handicap. 

A  mighty  poor  combustion  of  fuel — be  it  coal  or  oil  or  natural 
gas — should  give  fifty  percent  efficiency  of  heat  transfer  into  the 
work.  I  think  the  domestic  gas  range  gives  between  35  and  50 
percent  efficiency  when  operated  by  a  reasonably  careful  cook, 
who  does  not  let  the  gas  burn  all  night  through  neglect  to  shut  it 
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off  when  through  using  it;  and  an  efficiency  of  fifty  percent  of 
the  deHvery  of  the  heat  to  the  work  from  combustion,  in  a  process 
of  that  kind,  should  be  made  every  time,  and  higher  efficiencies 
should  be  practicable.  On  the  other  hand,  by  our  present  methods 
you  will  never  get  higher  efficiencies  than  that  corresponding  to 
the  possible  100  percent  efficiency  of  the  transformation  of  elec- 
tricity into  heat,  multiplied  by  the  possible  20  percent  efficiency  of 
the  transformation  of  fuel  energy  into  electricity.  Therefore,  in 
electrical  heating  units,  you  use  electricity  because  of  electricity's 
other  merits — not  for  its  thermal  efficiency  from  fuel  to  work. 
And  its  large  use  proves  that  wise  men  are  willing  to  pay  for 
those  other  merits,  and  that  fuel  economy  is  not  the  only  thing 
to  consider  in  Industry. 

Put  me  down  as  saying  that  where  electric  heating,  electric 
steel  making,  electric  reduction  of  ores — that  when  these  things 
are  used  and  the  origin  of  the  electricity  is  in  fuel,  you  are  abso- 
lutely applying  that  heat  wastefully  considered  as  an  application 
of  heat,  and  the  wastefulness  is  hopeless.  The  loss  overboard  in 
the  condensing  water  is  the  big  loss.  All  other  losses,  such  as 
stack  losses  and  radiant  losses  from  boilers  and  engines,  are 
minor  in  comparison. 

The  losses  in  auxiliaries  have  been  very  great.  You  will  recall 
that  the  next  style  of  auxiliaries  was  in  the  use  of  separate  direct- 
acting  steam  pumps,  which  were  popular  improvements  in  pump- 
ing devices ;  and  we  had  the  theory  propounded  that  inasmuch 
as  these  were  always  operated  with  a  closed  heat  cycle,  the  steam 
used  in  those  auxiliaries  was  not  a  loss,  but  the  heat  therein  was 
wholly  returned  to  the  system.  That  was  true,  but  the  heat  was 
returned  without  removing  anything  like  the  amount  of  power 
which  should  have  been  removed. 

The  Connors  Creek  auxiliary  plan,  which  as  far  as  I  am  aware 
was  not  preceded  by  and  certainly  not  taken  from  any  earlier 
design,  but  was  one  of  my  own  sketches,  made  in  1912,  is  to 
operate  the  auxiliaries  by  electric  drive  from  a  separate  turbo 
generator,  exhausting  into  a  condenser  whose  temperature  is  con- 
trolled according  to  the  requirements  of  the  feed-water.  That  is 
to  say,  you  run  a  separate  electric  generator  of  comparatively 
small  size,  and  from  that  you  drive  your  auxiliaries  (except  a 
steam  turbine  feed  pump)  and  the  exhaust  from  the  turbine  of 
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that  generator  goes  to  heat  your  feed-water  to  the  economical 
temperature.  That  economical  temperature  being  settled  by  other 
considerations,  you  get  from  the  steam  which  goes  to  supply  your 
auxiliaries,  all  of  the  possible  power  and  likewise  all  of  the  heat ; 
and  your  auxiliaries  have  the  great  convenience  of  the  electric 
drive. 

At  Connors  Creek  we  have  a  method  which  is  capable  of  various 
and  numerous  changes.  In  our  last  sketch  the  feed-pump  is  also 
made  electrical,  with  a  standby  steam  feed-pump  to  meet  occa- 
sional conditions.  The  combinations  possible  are  legion.  I  could 
talk  to  a  mechanically  interested  audience  at  least  three  hours 
on  this  subject.  Right  there  let  me  say  that  all-steam  drive  of 
auxiliaries  must  be  wrong ;  and  all-electric  drive  usually  is  wrong. 
The  correct  choice  lies  between  the  two. 

Let  me  say  about  Connors  Creek,  there  is  no  economizer  there ; 
that  is  a  commercial  proposition.  The  use  of  the  economizer 
would  unquestionably  save  four  percent  of  the  heat  units ;  and 
commercially,  under  the  conditions  of  coal  cost  as  they  were  two 
or  three  years  ago,  it  would  not  pay.  At  the  present  time  it  would 
probably  pay  if  the  thing  could  be  "wished  into  place,"  and  the 
problems  required  to  be  solved  in  the  all-steel  economizer  could 
be  solved  with  despatch.  If  coal  stays  at  the  present  ordained 
figure — not  to  speak  of  the  actual  figures  we  are  paying — the 
economizer  will  be  warranted  and  we  have  saved  space  for  it. 
Under  the  conditions  of  the  past  the  economizer  would  not  have 
justified  its  existence.  If  put  in,  the  economizer  would  better 
the  economy  four  percent ;  then  the  turbines  could  be  replaced 
by  similar  machines  four  to  five  percent  more  efficient ;  and  with 
the  heat  balance  betterments  we  can  see,  Ave  would  pick  up  one  or 
one  and  a  half  more  percent.  That  is  to  say,  we  could  reduce 
the  present  20,000  heat  units  per  kilowatt-hour  to  18,000.  That 
is  an  entirely  practicable  figure  at  present,  without  going  into  new 
design.  There  are  certain  ways  whereby  a  still  lower  annual  heat 
cost  could  be  obtained  in  practice,  and  they  are  commercial,  such 
as  improved  load  factor. 

Let  me  say  also  there  is  a  difference  between  summer  and  winter 
efficiency,  as  in  winter  you  have  a  much  better  vacuum.  The 
colder  water  of  our  lakes  and  rivers  in  the  winter  months  means 
that  a  better  vacuum  is  practicable.     On  the  other  hand,  if  you 
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over-cool  your  condensate  you  are  losing  too  much  heat  over- 
board. And  the  winter  radiation  losses  from  a  power  house,  built 
as  a  power  house  ordinarily  is,  and  not  as  a  refrigerator  plant 
might  be,  are  a  decided  loss. 

Now  the  Total  Cost  is  the  fixed  cost  plus  operating.  The  divi- 
sion sometimes  made  is  into  standing  and  running  costs — the 
standing  costs  being  those  which  make  the  station  ready  for  serv- 
ice, and  the  running  costs  being  the  added  cost  due  to  service  or 
output.  You  get  there  an  equation  like  Willans  Law.  Let  me 
say  this :  the  fixed  element  is  so  very  large  that  at  poor  load  fac- 
tors it  is  controlling-  With  some  of  you  the  load  factor  is  high; 
with  others  it  is  inclined  to  be  low.  The  electrochemical  load  fac- 
tor is  generally  recognized  as  specially  high ;  it  is  of  the  order  of 
90  percent  of  what  would  be  obtained  if  the  maximum  hours, 
that  is  8,760  hours,  of  maximum  demand  were  obtained  during 
the  year.  You  gentlemen  are  in  the  habit  of  telling  us  you  have 
100  percent  load  factor.  Ninety  percent  is  going  strong,  and  fig- 
ures in  the  eighties  are  more  frequent.  On  the  other  hand,  a 
mixed  service  is  doing  well  if  it  shows  40  percent.  Which,  ex- 
pressed otherwise,  would  be,  that  if  that  station  could  operate  at 
full  load  for  four-tenths  of  the  time  its  output  would  be  the  same 
as  it  is,  at  the  loads  available,  for  the  whole  8,760  hours  of  the 
year. 

Any  central  station  with  the  load  factor  above  40  percent  is 
doing  well,  indeed.  Below  that  is  common  enough.  The  load 
factor  of  residence  lighting  is  of  the  order  of  eight  percent ;  which 
means  that  the  costs  for  residential  lighting  service  are  nearly 
all  fixed  charges.  You  can  almost  forget  rimning  charges  on 
residence  business.  Since  it  is  the  custom  to  charge  according  to 
kilowatt-hours  used,  the  rate  per  kilowatt-hour  for  residence 
service  is  much  higher.  Did  we  charge  according  to  the  rate  forms 
used  for  electrochemical  service,  the  difiference  would  be  seen  to 
turn  on  that  one  point  of  load  factor.  Residence  service  uses  the 
equipment  about  eight-hundredths  of  the  time  that  electrochemi- 
cal service  might  use  it. 

Now,  as  to  the  Capital  Cost,  a  fixed  or  first  element — the  capital 
cost  of  the  Connors  Creek  plant,  for  the  first  units,  is  between 
$50.00  and  $60.00  per  kilowatt.  If  you  buy  land  for  300,000  kilo- 
watts you  must  pro-rate  that  over  the  proposed  investment  or  in- 
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stallation ;  and  you  put  in  railroad  tracks,  and  dike  out  lakes,  and 
put  in  all  the  facilities,  and  offices,  when  you  build  your  first  units 
of  a  big  plant,  all  of  these  cause  the  unit  cost  to  go  high ;  there- 
fore the  variation  is  between  $50.00  and  $60.00.  But  the  crazy 
prices  of  the  last  two  years  would  make  the  cost  go  between  $90.00 
and  $110.00  per  kilowatt.  One  hundred  and  eighty  percent  is 
just  about  the  cost  of  such  construction  now  as  compared  to  the 
cost  we  considered  normal  before  the  world  went  crazy. 

Now,  money  for  that  sort  of  business  formerly  could  be  had 
at  rates  which  did  not  ver}-  much  vary. 

Taxes  on  a  public-service  plant  are  assessed  on  a  liberal  basis. 
We  are  very  honest,  we  public-service  people.  We  always  con- 
fess to  a  liberal  and  honest  basis  for  taxation.  Now  that  is  no 
slight  matter.  Communities  which  in  the  past  have  favored  the 
manufacturer  with  a  low  estimate  on  his  plant,  for  taxation  pur- 
poses, will  assess  a  public-service  corporation  up  to  the  eyes ; 
and  let  me  say  that  taxes  in  the  last  year  required  us  in  Detroit 
to  earn  $1,600.00  a  day,  to  pay  taxes,  every  day,  Svuidays  included. 

The  cost  of  money,  plus  the  depreciation  resort,  plus  the  taxes 
means  that  the  central  station  must  figure  on  a  return  never  less 
than  12  percent,  and  sometimes  exceeding  15  percent.  So  your 
first  figure,  based  on  the  central-station  method  of  obtaining  your 
power  supply,  is  to  figure  12  to  15  percent  as  a  figure  on  an  in- 
vestment per  kilowatt,  which  was  between  $50.00  and  $60.00  and 
which  now  is  between  $90.00  and  $110.00. 

Let  me  say  a  word  here  about  Depreciation:  Now,  the  depre-. 
ciation  conditions  are  really  aft'ected  by  an  electrochemical  load. 
Depreciation,  save  and  except  "obsolescence,"  is  higher  with 
higher  load  factor.  Depreciation  will  be  some  function  of  use, 
and  a  high  load  factor  will  obviously  mean  a  higher  rate  of  depre- 
ciation. That  should  be  remembered  in  figuring  costs  of  any 
purely  electrochemical  plant. 

Now,  assume  we  have  the  problem  put  to  us  by  some  of  your 
members,  that  you  want  a  power  plant,  the  object  being  low  total 
cost  of  power,  and  you  have  some  choice  of  location.  The  first 
thing  to  consider  is  how  the  location  may  affect  the  power  plant ; 
and  that  leads  to  discussion  of  those  non-engineering  problems  I 
spoke  of  earlier. 

With  electrochemical  industries,  of  course,  you  must  consider 
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your  raw  material  and  your  markets.  You  must  have  good  ship- 
ping points ;  you  must  have  fairly  good  labor  conditions,  etc. 
These  conditions  would  have  a  large  influence  in  determining  the 
location ;  and  if  you  leave  us  free  to  transmit  the  power  over  from 
a  satisfactory  location  to  the  power  plant — if  that  condition  be 
in  the  premises  of  this  discussion,  we  can  forget  these  considera- 
tions for  the  present  and  consider  one  location  against  another 
as  reflected  in  design. 

Take  Item  No.  1 — the  fuel  cost.  If  the  load  factor  is  of  the 
order  of  90  percent,  fuel  cost  will  be  the  most  important  thing 
to  consider.  In  connection  with  fuel  cost  you  must  consider 
the  certainty  of  the  supply — that  it  will  not  be  interrupted. 

Then  you  must  have  plenty  of  water.  The  quantity  of  water 
used  by  a  big  steam  turbine  plant  is  something  you  do  not  con- 
ceive. I  know,  as  every  engineer  does,  the  per  capita  water  con- 
sumption of  a  mixed  residential  and  commercial  community  such 
as  Detroit.  I  also  know  the  amount  of  water  required  to  con- 
dense the  steam  for  our  big  turbines.  A  plant  of  100,000  kilo- 
watts, operating  at  50  percent  load  factor,  will  require  to  pass 
through  its  condensers  approximately  the  same  amount  of  water 
as  will  be  used  by  a  mixed  residential,  industrial  and  commercial 
community  having  a  population  of  750,000  people.  In  other 
words,  my  power  plants  take  up  from  the  river,  heat  10  or  15 
degrees,  and  reject  to  the  river  again,  more  water  than  is 
pumped  for  the  whole  Detroit  community.  Therefore,  the  water 
supply  is  the  next  thing  to  consider  after  a  good  supply  of  fuel. 
You  must  locate  on  navigable  rivers  or  streams,  or  on  the  Great 
Lakes.  Cooling  towers  are  devices  you  must  forswear  if  you 
are  working  for  maximum  efficiency.  One  of  the  appropriate 
places  for  a  cooling  tower  is  in  the  dry  Southwest  where  the  rapid 
evaporation  in  an  exceedingly  dry  atmosphere  cools  the  water  suf- 
ficiently, and  the  night  chill  gives  you  a  fair  start  the  next  morn- 
ing.   To  locate  a  big  plant  on  a  country  duck  pond  is  foolishness. 

The  next  consideration  of  importance  is  the  labor  conditions. 
Power-house  labor  is  changing  its  character  very  much.  There 
was  a  time  when  the  power  house  got  all  the  incipient  geniuses ; 
that  was  a  mistake.  But.  the  day  has  come  for  brains,  and  they 
are  being  secured.  Today  the  power-house  employes  expect  good 
pay  and  good  environment.    These  employes  will  jump  in  and  do 
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a  dirty  job  and  do  it  handsomely,  but  they  are  men  who  appre- 
ciate bathing  facihties.  I  recall  a  tale  of  an  old-time  engineer 
who  discussed  the  showers  which  were  being  placed  in  the  plant. 
He  said  he  took  one  of  them  showers  every  Saturday  whether  he 
itched  or  not.  But  the  engineer  now  gets  his  shower  when  he 
goes  off  watch,  and  sometimes  he  calls  his  relief  and  takes  a 
shower  while  his  turn  is  on.  You  must  supply  first-class  working 
conditions,  both  inside  and  outside.  These  men  expect  their  out- 
side, off-work  conditions  to  be  such  as  they  can  pleasantly  live  in 
when  they  are  oft'  watch,  where  the  older  men  can  bring  up  their 
families  and  the  younger  members  can  hope  to  persuade  "the 
only  girl"  to  come. 

And,  remember,  the  right  kind  of  labor  is  a  big  item.  You 
will  have  to  build,  control  and  sanitate  your  place,  if  you  locate 
away  from  a  pleasant  community. 

If  you  locate  on  a  place  where  people  consider  the  outer  appear- 
ance you  must  employ  an  architect.  I  can  think  of  three  power 
houses  where  the  outside  appearance  is  a  credit  to  the  public 
spirit  of  the  board  of  directors,  while  the  inside  is  a  libel  upon  the 
architect.  Foundations  will  run  to  five  dollars  per  kilowatt  when 
you  locate  in  a  marsh  with  rock  100  or  150  feet  down,  and  you 
must  pile  or  go  down  to  that  rock ;  or  if  you  locate  on  the  Ohio 
River  where  you  have  70  feet  of  rise  and  fall,  there  you  have 
another  serious  problem  of  foundations. 

These  things  balance  up.  Low  fuel  cost  can  be  offset  by  poor 
water  supply.  It  is  better  to  go  a  little  further  away  from  the  coal 
to  get  better  car  service  and  so  on.  The  next  thing  is  whether  you 
will  locate  close  to  your  load,  or  will  transmit. 

Now,  transmission  is  expensive.  It  has  a  very  definite  measure 
as  to  its  capacity  and  a  high  figure  as  to  its  unit  cost. 

The  right-of-way  of  your  transmission  lines  is  an  item  of  high 
cost.  The  line  loss  may  be  a  high  cost.  Some  interesting  figures 
were  obtained  when  I  was  asked  to  furnish  the  comparative  Amer- 
ican costs  of  electric  transmission  of  energy  from  coal  mines 
against  railroad  movement  of  coal,  for  comparison  with  possible 
English  costs,  with  an  assumed  line  loss  of  15  percent.  The  pre- 
liminary result  of  the  comparison  is  that  England  cannot  move 
energy  by  freight  train  as  cheaply  as  by  electric  transmission  lines, 
while  American  freight  trains  hauling  short  tons  of  coal  at  some- 
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thing  like  one-third  of  a  cent  per  mile,  can  move  it  more  cheaply 
than  the  transmission  lines.  There  yoit  see  how  you  must  balance 
one  thing  against  the  other. 

Again  transmissions  are  not  utterly  reliable.  This  was  a  year 
notable  for  lightning,  when  lightning  was  painful  and  frequent  and 
free.  We  have  such  things  as  lightning  arresters  and  they  take 
care  of  secondary  surges ;  but  when  you  get  a  real  direct  stroke 
of  lightning  you  go  around  with  a  shovel  and  clean  up.  Let  the 
temperature  be  30  degrees  below  zero,  and  the  electric  stress  be 
hundreds  of  kilowatts  ;  and  then  change  in  due  course  to  our 
hottest  summer  weather.  The  porcelain  insulators  are  supposed 
to  adjust  themselves  to  all  of  these  conditions,  while  placed  inside 
of  a  rigid  metal  cap.  Well,  there  are  limits  to  human  beings  and 
there  are  limits  to  the  elements  which  constitute  these  strings  of 
porcelain  insulators.  Thus  you  will  find  that  lines  which  behaved 
splendidly  for  seven  or  eight  years  after  that  time  behave  miser- 
ably. And  the  cost  of  changing  insulator  strings  is  a  very  con- 
siderable item.  There  are  three  to  a  tower  and  at  ten  dollars 
each  makes  thirty  dollars  for  each  tower,  and  in  a  hundred-mile 
line  that  is  an  item.    Then  do  not  forget  cyclones. 

You  must  balance  permissible  unreliability  against  costs.  If 
you  are  generating  by  steam  power  it  is  probable  that  your  big 
center  power  plant  will  be  per  se,  more  reliable  than  any  plant  you 
can  install  on  your  own  premises  ;  but  the  intervening  link  may 
change  the  balancing  conditions.  You  must  consider  whether  you 
want  the  continuity  of  your  chemical  process  to  hinge  upon  the 
unavoidable  conditions  which  I  pointed  out  as  inherent  in  the 
transmission  line ;  and  you  must  balance  better  locations  for  the 
power  plant  against  line  losses  assumed  at  15  percent.  That  is 
high.     You  may  spend  money  and  cut  it  down. 

The  distribution  loss  I  spoke  of  earlier  is  of  the  order  of  20 
percent  total.  I  have  got  here  some  figures  from  a  big  system. 
The  total  distribution  loss  is  18.7  percent;  of  that  5.6  percent  is 
lost  in  the  line,  three  percent  is  lost  in  the  sub-station  transform- 
ers ;  loss  in  the  synchronous  condensers — mighty  few  of  them — 
is  one-tenth  of  one  percent ;  the  conversion  loss  in  changing  from 
alternate  to  direct  current  is  4.7  percent ;  storage  battery  loss  is 
of  the  same  order  as  synchronous  condenser  loss ;  and  then  there 
are  distribution  losses  proper,  line  transformers,  meter  shunts. 
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and  slow  meters  to  make  up  the  difference.  It  may  be  considered 
absurd  to  put  "slow  meters"  in  as  loss,  but  you  have  the  alter- 
native— you  can  keep  them  just  a  little  fast  or  just  a  little  slow ; 
and  you  will  keep  them  a  shade  slow  when  you  have  lived  with 
them  as  long  as  I  have. 

So  far  as  you  are  concerned  I  think  the  question  of  location 
versus  transmission  turns  not  on  the  question  of  reliability  or  un- 
reliability, as  duplicate  lines  could  alter  that ;  it  turns  on  your  own 
problems  of  materials  and  markets.  The  answer  is,  if  the  power 
cost  controls,  you  must  go  where  you  can  make  power  cheaply ; 
otherwise,  you  must  consider  your  raw  materials  and  markets  for 
your  products  and  then  make  the  best  adjustment  you  can  between 
reliability  of  transmission,  the  cheap  power  location,  and  your 
own  conditions.  It  would  be  possible,  I  think,  and  I  have  said  so 
to  some  of  your  members,  to  choose  one  of  a  considerable  number 
of  centers  where  a  good  adjustment  could  be  made  between  all 
these  conditions,  and  then  the  conditions  of  plant  design  would 
be  predicated  very  closely. 

As  to  generating  costs  with  present  practice,  19,000  heat  units 
are  entirely  practicable.  The  other  operating  costs  are  of  the 
order  of  one-tenth  of  a  cent  per  kilowatt  hour.  You  can 
figure  the  cost  of  your  19,000  heat  units,  plus  one-tenth 
cent — and  you  might  note  that  17,000  heat  units  is  possible,  with- 
out any  radical  departure  from  present  methods  or  materials. 

What  is  the  possibility  of  higher  steam  pressures?  I  speak  of 
pressure  above  our  present  250  to  300  pounds.  If  you  get  to 
consideration  of  the  fact  that  you  are  working  with  high  tan- 
gential velocities  in  the  turbines,  and  talking  of  pressures  of  300 
to  400  pounds  per  square  inch,  and  temperatures  of  700  Fahren- 
heit and  upward;  if  you  consider  that  these  pressures  and  veloci- 
ties and  superheats  and  temperatures  are  all  present — you  will 
realize  that  the  selection  and  production  of  suitable  materials  of 
construction  is  a  problem.  I  am  told  no  steel  manufacturer  will 
guarantee  analysis  or  qualities  of  steel  at  the  present  time.  If 
that  is  true  the  ideal  turbine  will  have  for  the  present  to  be  a 
thing  to  be  dreamed  of  and  not  built.  The  technical  difficulties 
are  solely  those  of  materials.  The  commercial  reasons  are  likely 
to  keep  us  under  300  pounds  steam  pressure  and  under  700 
Fahrenheit,  for  total  steam  temperature,  for  some  time  to  come. 
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The  history  of  the  things  which  already  have  been  tried  to  get 
beyond  that  stage  is  unending.  Some  of  us  are  now  using  high- 
carbon  boiler  tube  because  we  punish  soft  steel  too  much  already. 
The  stories  of  warped  castings  and  shrink-fits  that  did  not  stay 
shrunk,  and  erosion  of  blading,  etc.,  are  endless — and  time  flies. 

As  to  Gas  Fuel :  Yes,  there  is  a  chance  for  betterment  of  econ- 
omy in  gas  fuel.  You  can  control  your  mixture ;  lose  no  carbon 
in  your  ashes,  and  have  higher  heat  transmission  values.  But  gas 
as  a  commercial  proposition,  in  almost  all  of  the  United  States, 
is  entirely  dependent  for  its  cost  upon  the  by-product  market ; 
and  that  (as  you  know)  is  anybody's  guess.  In  the  meantime 
gas  producers,  as  an  addition  to  boilers,  cost  too  much.  No  com- 
bination in  present  or  recent  conditions  can  be  made  that  will 
allow  artificial  gas  fuel  to  be  used  in  steam  boilers ;  natural  gas 
is  now  too  valuable ;  and  blast  furnace  gas  has  its  uses  in  its  own 
habitat. 

The  gas  engine  has  its  place.  At  present  the  large  steam  tur- 
bine has  it  beaten  for  general  uses.  With  free  furnace  gas  or 
natural  gas,  the  gas  engine  has  its  commercial  merits.  But  even 
in  the  blast  furnace  business,  the  steam  turbine,  with  the  turbo- 
blower, has  possibilities  of  displacing  the  gas-blowing  engine. 
I  am  told  that  so  long  as  the  intermittent  blast  of  the  big  blowing 
engine  tends  to  prevent  hanging,  they  do  not  want  centrifugal 
blowers.  That  may  be  a  good  practice  point,  and  may  be  con- 
trolling. 

Pulverized  coal  must  be  considered  in  any  new  design.  It  is 
first  class  now  in  big  locomotives  because  of  the  impossibility  of 
firing  by  hand  the  present  big  machines.  There  is  a  better  con- 
trol of  the  air  mixture ;  and  you  cut  off  your  fuel,  and  that  is  the 
end  of  it.  It  may  permit  the  use  in  power  plants  of  coals  which 
now  work  very  badly  in  stokers.  Please  remember  that  coal  is  not 
always  coal ;  it  is  sometimes  an  invention  of  the  devil,  which 
should  be  called  by  another  name.  Coal  that  works  into  a  kind  of 
molasses  candy  is  an  exasperation,  and  not  a  fuel.  Coal  that 
fluxes  down  your  furnace  walls,  and  coal  that  i  ust  have  acid 
furnace  brick  or  basic  furnace  brick — the  coal  fi  r  one  kind  of 
fire  brick  may  be  the  worst  kind  of  coal  for  another  kind — these 
may  be  dealt  with  by  pulverization. 

Now,  the  whole  question  of  pulverized  coal  turns   upon  the 
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point  that  it  may  make  coals  useful,  which  with  stokers  of  the 
present  time  are  not  useful,  and  thereby  may  reduce  total  power 
cost.  The  big  point  is  to  adapt  the  plant  design  to  the  fuel  you 
are  going  to  use. 

Now,  in  closing:  It  is  not  good  to  prophesy,  but  I  know  some 
of  you  expect  to  hear  from  me  whether  I  anticipate  any  great 
change  in  the  art.  I  do  not,  just  now.  Dr.  Lardner  went  on 
record  as  saying  no  steamship  could  carry  enough  coal  to  make 
a  voyage  across  the  Atlantic.  That  was  accepted  in  the  thirties, 
while  in  the  forties  there  was  a  steamship  line  established.  There- 
fore, all  I  can  say  is — there  is  not  in  sight  any  great  change,  unless 
we  can  find  the  materials  to  take  us  into  much  higher  tempera- 
tures. Boiler  and  furnace  efficiencies  are  now  between  80  and  90 
percent,  including  economizers,  and  we  need  not  expect  much 
change  there.  The  remaining  losses  are  commercial  losses  which 
cannot  be  saved  profitably ;  such  as  the  losses  necessary  to  the 
stack  to  give  you  the  necessary  draft ;  or  are  like  the  big  losses  of 
heat  thrown  overboard,  they  seem  to  be  inherent  in  steam.  There 
may  be  a  new  cycle  produced  which  will  save  all  this.  There  is 
a  man  waiting  for  me  to  come  home,  ready  now  to  produce  that 
cycle — he  says.    I  hope  he  has  it. 

I  see  also  that  the  freeing  of  unlimited  power  is  to  be  investi- 
gated by  a  national  appropriation.  I  do  not  think  that  develop- 
ment will  be  an  improvement  in  the  direction  we  discuss  tonight, 
in  the  making  of  electricity  by  steam  power. 

I  have  not  told  you  all  I  know,  but  I  have  told  you  all  I  can 
crowd  into  a  reasonable  time,  with  a  bad  start. 


DISCUSSION. 

F.  A.  Lidbury'  :  In  an  address  to  this  Society  about  eighteen 
months  ago,  in  Washington,  Mr.  Lawrence  Addicks  expressed 
the  view  that  the  time  had  come  when  the  electrochemical  indus- 
tries should  cease  to  regard  themselves  as  dependent  on  water 
power  in  this  country,  since,  according  to  the  figures  which  he 
mentioned,  the  recent  advances  in  steam-power  engineering  had 
brought  the  costs  of  steam-power  production  to  a  point  at  which 

*  Works  Manager,  Oldbury  Electrochemical  Co.,  Niagara  Falls,   N.  Y. 
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they  approximated  power  prices  at  Niagara.  His  views  and  fig- 
ures were  not  uncontradicted  at  the  time,  and  might  not  have 
resulted  in  particular  attention  being  given  to  this  question  by 
the  Society  had  it  not  been  for  the  fact  that  they  came  at  a  time 
when  the  electrochemical  industries  were  sufit'ering  from  a  power 
shortage  which  was  even  then  serious  and  which  has  since  be- 
come a  national  menace.  Under  these  circumstances  a  number 
of  the  Niagara  members  decided  to  look  into  the  matter  and  see 
what  could  be  done,  as  the  situation  seemed  to  be  one  which 
would  not  permit  any  stone  to  be  left  unturned. 

We  were  extremely  fortunate  in  meeting,  in  this  respect,  with 
that  remarkable  spirit  of  co-operation  on  the  part  of  the  Detroit 
Edison  Company  which  has  been  so  well  exhibited  in  what  Mr. 
Dow  has  said  tonight.  Mr.  Dow,  who  was  unable  to  present  his 
views  to  the  Society  at  the  last  meeting,  was  kind  enough  to  come 
over  to  Niagara  Falls  and  talk  to  us  very  freely,  openly  and 
frankly  on  the  subject ;  but  the  result  of  this  conference  was,  I 
am  sorry  to  say,  that,  most  of  us  lost  interest  in  steam  power 
under  present  conditions.  It  seemed  to  be  a  matter  of  general 
agreement  that  if  we  could  revert  to  pre-war  conditions  the  mat- 
ter would  be  worthy  not  only  of  general  but  of  serious  detailed 
consideration.  However,  with  things  as  they  are,  with  prices  as 
they  are.  and  particularly  with  the  price  of  coal  threatening  to 
remain  for  an  indefinite  period  at  a  previously  unheard  of  figure, 
it  would  scarcely  be  possible  to  go  into  the  generation  of  power 
from  steam  on  a  considerable  scale  at  all,  and  it  would  be  impos- 
sible to  go  into  it  at  the  present  time  on  any  basis  that  could  be 
considered,  for  this  purpose,  commercial.  In  other  words,  we 
jumped  at  the  idea  of  steam  under  improved  modern  conditions, 
and  when  we  found  what  it  meant  under  present  circumstances, 
we  jumped  back  as  rapidly  as  possible. 

Tendencies  can  always  be  checked  by  facts,  and  the  facts  in 
recent  months  indicate  little  or  no  tendency  on  the  part  of  elec- 
trochemical industries  to  depart  from  water  power.  What  we 
see  today  is  just  a  continuation  of  the  process  which  we  have 
watched  for  a  number  of  years  proceeding  at  an  increasing  rate, 
and  which  as  far  as  we  can  see  at  present  will  continue  to  pro- 
ceed ;  and  that  is  the  expatriation  on  account  of  power  shortage 
of  industries  which  are  essential  for  the  needs  of  the  country. 
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You  all  heard  Mr.  Randall's  paper  this  morning,  in  regard  to 
water  power  at  Shawinigan;  and  now  that  the  activities  of  the 
Hydro-Electric  Commission  of  Ontario  have  resulted  in  a  short- 
age of  power  at  Niagara  Falls,  Ont.,  it  appears  that  Shawinigan 
is  offering  the  most  favorable  ground  in  Canada  for  the  exten- 
sion of  those  industries  throttled  at  Niagara  Falls,  N.  Y.,  and  as 
you  will  observe,  these  industries  are  already  beginning  to  move 
there,  as  formerly  they  moved  to  the  Niagara  district  of  Ontario. 
I  should  not  be  surprised  to  find  in  the  next  few  years  a  healthy 
class  of  Niagara  alumni  at  Shawinigan ! 

Now  there  is  a  national  aspect  to  this  matter.  From  the  broad 
point  of  view  it  is  very  doubtful  to  what  extent  the  country  should 
permit  the  emigration  of  industries  which  are  as  fundamental  as 
any  group.  And  yet  we  have  apparently  got  to  let  these  indus- 
tries go,  as  far  as  their  growth  and  development  goes,  or  we  have 
got  to  treat  the  matter  politically  and  decide  that  they  must  be 
kept  in  the  country  by  hook  or  by  crook,  at  whatever  prices  steam 
power  might  permit  them  to  produce  their  goods,  by  the  impo- 
sition of  tariffs  sufficiently  heavy  to  be  prohibitive.  Or  we  might 
adopt  the  most  sensible  course,  to  permit  and  to  insist  on  and  to 
enforce  the  thoroughgoing  vitilization  of  our  natural  water  power 
resources,  and  in  particular  of  Niagara,  a  course  of  action  which 
could  solve  this  whole  question  inside  of  a  few  years. 

We  have  been  talking  of  improvement  in  this  matter  four  or 
five  years,  and  even  longer.  We  have  had  a  respectful  hearing 
in  our  own  Society.  Outside  we  have  been  treated  as  cranks  or 
as  malefactors.  The  result  is  that  this  country  is  faced  with  an 
alarming  condition  with  respect  to  its  productive  powers  for  a 
tremendous  number  of  articles  which  are  fundamentally  neces- 
sary for  warfare. 

Nobody  realizes  at  this  time  the  extent  and  the  seriousness  of 
this  matter.  Nobody  realizes  it  because  there  does  not  exist  even 
today  in  the  departments  at  Washington  any  clear  idea  of  the 
quantities  of  materials  and  supplies  which  will  be  necessary,  the 
production  of  which  will  depend  upon  the  electrochemical  indus- 
tries of  this  country.  We  shall  have  a  demonstration  of  the  re- 
sults of  the  policy  which  this  country  has  developed  in  regard  to 
water  power  legislation,  and  the  only  hope  we  can  express  is  that 
when  matters  do  come  to  a  sufficiently  clear  indication  of  the 
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mess  we  are  in,  we  will  put  ourselves  in  such  a  position  that  the 
same  thing  cannot  occur  again. 

Before  we  adjourn,  Mr.  President,  I  move  that  we  give  a 
rising  vote  of  thanks  to  Mr.  Dow  for  coming  here  tonight  and 
telling  us  in  this  masterly  address  the  valuable  things  he  has. 
There  has  always  been  need  for  co-operation  and  understanding 
between  the  electrochemist  and  the  power  man.  Mr.  Dow  has 
not  only  combined  willingness  to  co-operate  with  an  understand- 
ing of  the  situation,  but  has  added  to  these  a  broad  viewpoint 
peculiarly  his  own. 

C.  T.  Henderson  :  I  take  pleasure  in  seconding  the  motion 
of  Mr.  Lidbury,  and  in  so  doing  would  say  that  if  Mr.  Dow  keeps 
on,  it  will  be  but  a  short  time  before  we  are  able  to  compete  with 
any  water  power  in  the  country. 

[The  vote  of  thanks  was  passed  unanimously.] 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,   1917,  President  Fink  in   the  Chair. 


SHAWINIGAN  AND  ITS  ELECTROCHEMICAL  INDUSTRIES 

By  H.  E.  Randall.* 

[Abstract.] 

A  description  of  the  location,  climate,  power  supply,  present 
electrochemical  industries,  sources  of  supply  of  raw  materials, 
shipping  facilities,  manufacturing  conditions,  and  labor  market, 
of  the  Shawinigan  district,  Province  of  Quebec,  Canada.  With 
500,000  horsepower  installed,  of  which  100,000  is  available  for 
new  plants  at  once,  and  600,000  available  waterpower  as  yet  un- 
touched, and  situated  at  20  miles  from  tidewater  on  the  St.  Law- 
rence River,  which  is  open  to  ocean  navigation  six  months  per 
year,  Shawinigan  is  attracting  very  favorable  attention  as  the 
electrochemical  center  of  Canada. 


LOCATION    AND   ORIGIN. 

Shawinigan  is  located  in  the  Province  of  Quebec,  Canada  (Plate 
1),  midway  between  Montreal  and  Quebec  City,  and  derives  its 
name  from  the  Indian  word  indicating  the  resemblance  between 
their  beautiful  quill  and  bead  work  and  the  great  Falls  of  the 
St.  Maurice  River.     (Plate  4.) 

The  town  is  of  comparatively  recent  origin,  and  until  1898  its 
entire  population  lived  in  one  house.  Then  came  the  original 
power  development,  soon  after,  the  Canadian  Northern  Railway, 
then  the  Pittsburgh  Reduction  Co.,  then  the  Canadian  Pacific 
Railway,  and  soon  the  wilderness  of  '98  became  a  thriving,  pro- 
gressive industrial  city,  with  a  population  of  12,000  people,  and 
manufactured  products  reaching  the  $20,000,000  mark  in  1916. 

Shawinigan,  with  its  two  railroads,  is  within  easy  reach  of  the 

•  Electrochemical  Engineer,  The  Shawinigan  Water  and   Power  Co.,   Montreal. 
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larger  cities  of  the  continent,  being  three  and  one-half  hours  from 
Montreal  and  about  15  hours  from  New  York,  Boston,  Buffalo 
and  Toronto.  About  six  trains  a  day  are  available  to  each  of 
these  points. 

Shawinigan  lies  about  20  miles  back  from  Three  Rivers,  where 
the  St.  Maurice  River  enters  the  St.  Lawrence  River.  It  is  on 
the  improved  road  system  of  the  Province  of  Quebec  and  is  thus 
easily  accessible  to  motorists. 

CLIMATE. 

The  St.  Lawrence  Valley  being  tempered  by  the  large  mass 
of  water  moving  from  the  Great  Lakes  to  the  sea  has  a  very 
steady  and  pleasant  climate.  The  lower  St.  Maurice  Valley 
(Shawinigan  district)  has  a  mean  annual  temperature  of  45°  F., 
and  the  mean  temperature  in  the  winter  period  is  about  20°  F. 
In  summer  the  mercury  climbs  to  above  90°  F.  for  a  few  weeks, 
and  in  winter  occasionally  drops  to  — 25°  F.  The  annual  rain- 
fall is  about  36  inches  (91  cm.),  of  which  10  inches  (25  cm.) 
comes  as  snow  and  largely  remains  throughout  the  winter  period. 

POWER   SUPPLY. 

The  St.  Maurice  River,  whose  drainage  area  is  upwards  of 
20,000  square  miles  (55,000  sq.  km.)  has  a  fall  of  150  feet  (45 
m.)  at  Shawinigan.  This  fall  has  been  utilized  in  the  four  power 
houses  shown  on  Plate  7,  which  now  have  an  installed  capacity 
of  196,000  H.P.  The  latest  power  house  at  this  development  has 
five  20,000  H.P.  units,  and  when  constructed  in  1910  represented 
a  very  big  advance  in  hydro-electric  practice.     (Plate  5). 

Nine  miles  above  Shawinigan  the  St.  Maurice  River  falls  85 
feet  (25  m.)  and  there  is  located  another  power  house  (Plate  S) 
with  an  installed  capacity  of  120,000  H.P.  (Plate  6).  The  plans 
for  this  power  house  called  for  60,000  H.P.  of  additional  capa- 
city, and  during  construction  arrangements  were  made  for  the 
quick  installation  of  this  capacity,  so  that  when  needed  it  can 
probably  be  installed  as  fast  as  the  load  develops.  This  power 
house  operates  in  parallel  with  the  Shawinigan  Power  Houses, 
and  it  supplies  the  Shawinigan  industries  as  well  as  feeding 
the  general  distribution  system  of  the  Shawinigan  Company 
(Plate  11). 
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larger  cities  of  the  continent,  being  three  and  one-half  hours  from 


(Plate  11), 
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Shawinigan  power  is  delivered  in  large  quantities  to  the  City 
of  Montreal,  and  the  picture  of  the  Civic  Investment  Company's 
120,000  H.P.  plant  at  Cedars,  Quebec  (Plate  9),  30  miles  from 
Montreal,  is  shown  to  indicate  that  a  large  amount  of  the  Mon- 
treal load  can  be  supplied  from  this  plant  in  the  future,  thus 
leaving  Shawinigan  generating  stations  available  for  electro- 
chemical industries.  In  this  regard  it  may  be  noted  that  the 
Cedars  Company  has  water  rights  amounting  to  nearly  100,000 
H.P.  more,  for  which  machinery  is  not  yet  installed.  In  addition, 
the  Montreal  load  is  supplied  by  other  hydraulic  plants  controlled 
by  the  Civic  Investment  Company  and  other  companies,  aggre- 
gating 100.000  H.P. 

As  to  the  future,  the  Shawinigan  Company  owns  the  water 
rights  and  has  plans  under  way  for  the  development  of  about 
75,000  H.  P.  at  the  Gres  Falls  (Plate  10),  four  miles  below  Sha- 
winigan on  the  St.  IVIauricc  River,  where  a  head  of  65  feet  (20  m.) 
is  available.  In  addition,  within  100  miles  of  Shawinigan,  there 
are  other  undeveloped  water  powers  aggregating  300,000  H.P. 

Totalizing  the  present  developed  and  possible  power  mentioned 
above,  the  immediately  visible  supply  of  power  available  for  feed- 
ing the  Shawinigan  System  amounts  to  1,091,000  H.P.,  of  which 
555,000  H.P.  .is  yet  unsold. 

The  amount  of  power  which  can  be  developed  on  the  St. 
Maurice  River  is  only  limited  by  the  amount  of  water  and  the 
falls  available.  Considerations  of  scenic  beauty  have  not  been 
permitted  to  enter  into  the  power  situation,  and  since  the  entire 
St.  Maurice  water  shed  lies  within  the  Province  of  Quebec  it  is 
reasonable  to  believe  that  no  interference  or  abrogation  of  rights 
need  be  lool>:ed  for.  The  broad  general  policy  of  the  Province 
with  respect  to  water-power  development  has  been  one  of  the 
outstanding  features  in  the  progressiveness  of  the  Province.  This 
policy  is  well  exemplified  in  the  construction  of  the  largest  storage 
reservoir  in  the  world,  on  the  upper  reaches  of  the  St.  Maurice 
River,  by  the  Provincial  Government.  The  water  thus  stored  is 
leased  over  a^  long  period  of  years  for  use  at  times  of  low  water 
to  the  various  companies  using  it  for  power  or  other  purposes. 
This  storage  reservoir,  with  a  dam  costing  $2,000,000  (Plate  2), 
forms  a  lake  360  square  miles  (1,000  sq.  km.)  in  area,  and  im- 
pounds sufficient  water  to  generate  1,000,000,000  K.W.H.  in  the 
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power  plants  of  Shawinigan.  It  is  interesting  to  note  that  if  the 
level  of  this  lake  were  raised  6  feet  (1.8  m.),  the  water  would 
commence  to  flow  into  the  Hudson  Bay,  900  miles  away,  rather 
than  into  the  St.  Lawrence  River  (Plate  3). 

Summarizing,  it  appears  that  there  is  now  installed  511,000 
H.P.  of  generating  machinery  feeding  the  Shawinigan  system, 
and  that  there  is  now  over  40,000  H.P.  not  used  and  available  for 
immediate  delivery,  and  an  additional  60,000  H.P.  will  be  avail- 
able as  rapidly  as  required.  There  is  also  580,000  H.P.  as  yet 
undeveloped,  and  this  with  the  100,000  H.P.  as  yet  unsold,  makes 
680,000  H.P.  which  is  available  for  electrochemical  industries  in 
the  St.  Maurice  Valley.  This  amount  is  almost  wholly  available 
for  this  purpose,  because  the  growth  of  the  heavy  city  loads  out- 
side the  St.  Maurice  Valley  will  be  amply  taken  care  of  by  other 
power  plants  near  the  cities. 

PRESENT  EEECTROCHEMICAL  INDUSTRIES. 

The  Pittsburgh  Reduction  Co.,  now  the  Northern  Aluminum 
Co.,  was  one  of  the  first  industries  to  locate  at  Shawinigan.  Their 
works  are  located  near  the  Power  House,  and  are  the  only  works 
not  in  the  electrochemical  district  referred  to  later.  American 
refined  bauxite  is  brought  in  by  rail  and  reduced  to  aluminum, 
between  50,000  and  60,000  H.P.  being  used  for  this  purpose.  The 
Aluminum  Co.  also  has  a  wire-drawing  and  cabling  plant,  and 
manufacture  all  the  aluminum  wire  made  in  Canada.  The  works, 
which  are  quite  extensive  and  employ  some  500  men,  are  shown 
on  Plate  12. 

All  other  industries  lie  in  the  electrochemical  district  about  two 
miles  up  the  river  from  the  power  houses,  and  receive  power  at 
25,000  to  50,000  vohs. 

The  Canada  Carbide  Co.  (Plate  13)  occupies  some  15  acres  of 
land  conveniently  located  between  the  Canadian  Northern  Rail- 
way and  the  Canadian  Pacific  Railway,  with  sidings  to  each.  The 
company  employs  some  350  men,  manufactures  calcium  carbide 
and  acetylene  gas  only,  and  utilizes  some  40.000  H.P. 

The  Shawinigan  Electro-Metals  Co.  (Plate  14)  produces  metal- 
lic magnesium  in  many  forms,  and  occupies  about  five  acres,  with 
their  various  processes.  They  utilize  some  2,500  H.P.  in  both 
alternating-  and  direct-current  furnaces. 
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The  Canadian  Electrode  Co.  (Plate  15)  manufactures  the  larger 
sizes  of  carbon  electrodes,  and  has  an  output  of  about  15  tons  per 
day.  The  majority  of  the  output  is  used  in  Shawinigan,  although 
a  small  tonnage  is  exported. 

The  Canadian  Electro-Products  Co.  (Plate  16)  manufactures 
acetic  acid  and  acetone  from  acetylene  gas  supplied  by  the  Canada 
Carbide  Co.  This  plant  has  been  put  into  operation  since  the 
war,  and  has  become  one  of  the  large  industries  at  Shawinigan. 

The  Prest-O-Lite  Company  (Plate  17)  operates  a  compressing 
plant  for  acetylene  gas  which  they  purchase  from  the  Canada 
Carbide  Co.  and  which  is  distributed  as  dissolved  acetylene  by 
them. 

Eraser,  Brace  &  Co.  (Plate  18)  have  an  experimental  electric 
furnace  plant  for  the  manufacture  of  various  kinds  of  steels  and 
for  general  experimental  purposes. 

The  latest  addition  to  Shawinigan  power  users  is  the  Canadian 
Aloxite  Company,  a  subsidiary  of  the  Carborundum  Company, 
which  will  utilize  over  20,000  H.P.  and  is  building  an  extensive 
plant  covering  some  15  acres  near  the  upper  end  of  the  electro- 
chemical district   (Plate  19). 

While  not  electrochemical,  two  other  industries  in  the  Shawini- 
gan district  are  worthy  of  mention  on  account  of  the  large  amount 
of  power  they  consume.  The  Laurentide  Co.  at  Grand  Mere, 
utilizing  28,000  H.P.  for  the  manufacture  of  paper  and  pulp,  and 
the  Belgo-Canadian  Co.  at  Shawinigan,  utilizing  18,000  H.P.  for 
the  same  purpose      (Plate  19). 

RAW   MATERIAL   SUPPLIES. 

While  electrochemical  industries  are  as  yet  perhaps  in  their  in- 
fancy, the  vast  amount  of  power  which  is  being  made  available 
throughout  the  world  will  bring  forth  new  processes  requiring 
new  raw  materials.  We  are  nevertheless  today  dealing  with  pro- 
cesses now  in  use,  and  an  attempt  is  here  made  to  indicate  the 
sources  of  certain  raw  materials  which  are  today  largely  used  in 
electrochemical  processes. 

Coke  can  be  obtained  from  the  gas  company  in  Montreal,  made 
from  West  Virginia  coal,  and  is  therefore  very  low  in  sulphur 
and  phosphorus.  About  17,000  tons  a  month  are  made,  and  a 
large  portion  of  this  is  now  being  used  for  house-heating  pur- 
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poses  in  Montreal,  not  over  50  percent  being  used  for  industrial 
plants. 

Petroleum  coke  is  made  at  Montreal  by  the  Imperial  Oil  Co. 
to  the  amount  of  about  400  tons  a  month,  about  half  being  made 
from  mid-continent  crude  and  the  balance  from  Mexican  crude  oil. 

Tar  is  produced  to  the  amount  of  about  3,000,000  gallons 
(11,300,000  liters)  a  year  by  the  Montreal  gas  company,  a  refining 
plant  of  some  magnitude  is  in  operation,  and  it  is  reasonable  to 
suppose  that  in  the  near  future  successful  methods  of  coking  this 
tar  will  be  developed.  At  present  about  15,000  tons  of  pitch  per 
year  are  available  from  the  refining  plant. 

Limestone  exists  throughout  the  Province  of  Quebec  along  the 
St.  Lawrence  River,  and  may  be  obtained  within  reasonable  dis- 
tances of  Shawinigan  of  an  analysis  suitable  for  most  electro- 
chemical processes. 

Silica  occurs  in  large  quantities  throughout  the  Province,  and 
may  be  obtained  within  100  miles  of  Shawinigan  with  not  more 
than  1  percent  lime.  Silica  analyzing  2  percent  lime  can  be  very 
readily  and  cheaply  obtained. 

Zinc  occurs  as  a  deposit  of  low-grade  complex  ore,  running 
about  12  percent  zinc,  at  Notre  Dame,  about  25  miles  from  Sha- 
winigan. The  mines  are  now  being  worked  by  two  operators, 
with  modern  mills,  and  about  30  tons  of  concentrates  per  day  is 
produced. 

Chromium  and  titanium  ores  are  found  in  large  deposits  in  the 
Province,  the  former,  however,  being  somewhat  low  in  grade  and 
the  latter  somewhat  high  in  phosphorus. 

Magnesite  occurs  in  large  quantities  within  75  miles  of  Sha- 
winigan, and  can  be  obtained  with  an  average  analysis  of  not 
more  than  5  percent  lime. 

Sodium  chloride,  bauxite,  anthracite  coal  and  some  other  raw 
materials  must  be  brought  in  from  outside  the  Province,  but  this 
same  condition  applies  to  most  other  electrochemical  districts. 

Bituminous  coal  is  obtained  either  from  the  United  States  or 
from  Sydney,  Nova  Scotia,  and  in  normal  times  the  greater  sup- 
ply of  coal  comes  from  the  latter  place,  costing  normally  about 
$3.20  a  ton  on  Three  Rivers  wharf. 

The  country  to  the  west  of  Shawinigan  being  the  foothills  of 
the  Laurentian  Mountains,  it  is  full  of  many  kinds  of  raw  mate- 
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rials  interesting  to  the  electrochemist,  such  as  feldspar,  phosphate 
rock,  graphite,  mica  and  probably  a  host  of  as  yet  undiscovered 
minerals. 

In  general,  the  Shawinigan  district,  with  its  nearness  to  tide 
water  (20  miles — 33  km.),  probably  is  as  well  situated  as  any 
of  the  more  recent  electrochemical  districts  with  respect  to  the 
supply  of  raw  materials,  and  is  especially  well  situated  for  the 
shipment  of  materials,  as  will  be  shown  later. 

SHIPPING  FACILITIES. 

Shawinigan  is  served  by  the  Canadian  Northern  and  Canadian 
Pacific  Railways.  All  switching  to  the  various  works  is  done  by 
the  Shawinigan  Falls  Terminal  Railway  so  that  inter-company 
switching  is  conveniently  and  cheaply  obtained,  and  the  facilities 
of  each  railway  equally  placed  before  all  industries. 

Shawinigan  is  20  miles  {33  km.)  from  Three  Rivers,  on  the 
St.  Lawrence  River,  which  has  two  miles  of  modern  dock  system 
capable  of  docking  any  boat  navigating  the  river.  The  St.  Mau- 
rice River  between  Shawinigan  and  Three  Rivers  is  full  of  rapids 
and  has  never  been  canalized,  so  that  no  water  transportation  is 
available  to  Shawinigan  itself.  Under  present  conditions  it  is 
almost  impossible  to  get  export  shipments  taken  at  Three  Rivers 
docks,  except  under  certain  conditions,  but  after  the  war,  when 
increased  shipping  is  available,  Three  Rivers  will  no  doubt  be- 
come one  of  the  mor.e  important  ports  of  Canada,  as  it  is  open 
nearly  a  month  longer  per  year  than  Montreal. 

Shawinigan  is  90  miles  from  Montreal  and  Quebec,  the  Cana- 
dian summer  ports,  which  are  open  and  ice-free  about  seven 
months  of  each  year.  It  is  about  700  miles  (1,100  km.)  and  800 
miles  (1,300  km.)  to  St.  John  and  Halifax  respectively,  which 
are  the  Canadian  winter  ports.  The  National  Transcontinental 
Railway  makes  connection  with  the  Canadian  Pacific  and  Canadian 
Northern  Railways  at  a  point  about  30  miles  (50  km.)  from 
Shawinigan  and  thus  there  are  two  independent  railroads  from 
Shawinigan  to  both  the  summer  and  the  winter  ports. 

While  it  is  difficult  to  discuss  export  shipping  rates  at  the  pres- 
ent time,  it  is  nevertheless  true  that  in  normal  times,  averaging  a 
large  number  of  the  ordinary  heavier  electrochemical  products,  a 
differential  of  $2.00  a  ton  exists  in  favor  of  Shawinigan  in  summer 
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and  $1.00  per  ton  in  winter  over  Niagara  Falls,  which  city  is  taken 
as  representing  the  greatest  electrochemical  center  on  the  con- 
tinent. These  differentials  will  of  course  only  apply  to  products 
which  can  be  exported  to  ports  reached  by  the  Canadian  sailings, 
which  in  general  are  satisfactory  for  supplying  the  European 
trade.  If  products  are  destined  for  ports  not  reached  by  Canadian 
sailings,  it  will  in  general  be  cheaper  to  use  New  York  as  a  ship- 
ping point,  in  which  case  a  differential  of  between  $1.00  and  $2.00 
a  ton  exists  in  favor  of  Niagara  Falls. 

A  feature  which  is  of  great  help  at  the  present  time  is  the  ability 
of  Shawinigan  exporters  to  ship  on  a  through  bill  of  lading  from 
Shawinigan  to  any  port  reached  by  the  Canadian  Pacific  Railway 
in  Europe  or  Asia.  This  means  that  freight  need  only  be  delivered 
to  the  railway  company,  which  will  thereafter  assume  all  respon- 
sibility and  deliver  the  freight  at  the  port  desired.  In  normal 
times  it  is  also  possible  to  arrange  through  export  shipments  on 
the  Canadian  Northern  Railway.  Even  if  this  advantage  is  not 
made  use  of,  the  excellent  export  facilities  and  harbors  at  Mon- 
treal, Quebec,  St.  John  and  Halifax,  make  exporting  relatively 
easy,  and  it  is  said  that  the  facilities  of  Montreal  Harbor  are  not 
excelled  anywhere  on  the  Atlantic  seaboard. 

For  exporting  to  the  United  States,  an  additional  railroad,  the 
Grand  Trunk,  is  available  at  St.  Gregoire,  opposite  Three  Rivers, 
thus  affording  three  competitive  routes  to  American  points. 

It  would  be  quite  difficult  to  analyze  the  Shawinigan-United 
States  shipping  situation,  as  this  is  so  largely  a  function  of  the 
product  and  the  point  to  which  it  is  shipped,  but  again  discussing 
Niagara  Falls  and  taking  Pittsburgh  as  the  destination,  a  differ- 
ential of  $3.40  and  $2.40  per  ton  exists  in  favor  of  Niagara  Falls 
for  fourth-  and  fifth-class  freight  rates  respectively. 

If  American  raw  materials  are  imported  to  Canada  to  be  manu- 
factured, and  if  an  import  duty  is  paid,  a  drawback  of  99  percent 
of  this  duty  can  be  obtained  when  the  manufactured  products  are 
exported  to  the  United  States,  so  that  the  cost  of  working  up 
imported  raw  materials  is  not  increased  appreciably  by  import 
duties. 

In  this  shipping  discussion  the  importation  of  raw  materials  has 
not  been  discussed,  as  they  come  from  such  widely  separated  points 
and  in  general  are  brought  from  those  points  from  which  the 
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lowest  freight  rates  exist  to  the  power  development,  and  are  so 
much  a  function  of  the  particular  electrochemical  industry  that 
no  general  analysis  is  possible. 

For  certain  materials,  which  can  be  imported  in  ships,  Shawini- 
gan  and  Three  Rivers  (the  latter  being  a  tide-water  port)  would 
probably  enjoy  a  lower  freight  rate  than  interior  points,  and  the 
electrochemical  development  at  Three  Rivers  will  probably  rest 
on  this  advantageous  importation  of  raw  materials  by  sea. 

Summarizing,  it  would  appear  that  for  export  to  Europe,  Shaw- 
inigan  enjoys  a  distinct  advantage  over  inland  points,  but  that 
for  shipments  to  Pittsburgh  and  American  industrial  centers  about 
an  equal  disadvantage  exists.  It  would  therefore  seem  that  Shaw- 
inigan  w^ould  offer  a  reasonable  location  for  electrochemical  plants 
serving  the  European  market. 

MANUFACTURING  CONDITIONS. 

The  St.  Maurice  Valley,  from  Grand  Mere  to  the  St.  Lawrence, 
a  distance  of  30  miles  (50  cm.),  has  a  population  of  about  100,000 
people ;  of  these  8,000  live  in  Grand  Mere,  12,000  in  Shawinigan, 
and  25,000  in  Three  Rivers,  leaving  over  50,000  people  in  the 
farming  districts  surrounding  these  cities.  The  population  is 
largely  French,  and  as  the  families  are  large,  a  relatively  large 
amount  of  local  French  labor  is  available.  This  labor  is  not 
migratory,  and  when  under  French  foremen  is  of  a  satisfactory 
character.  Labor  troubles  in  the  Shawinigan  district  are  prac- 
tically unknown,  and  not  one  of  the  Shawinigan  industries  has 
ever  been  shut  down  owing  to  labor  disturbances. 

The  well-populated  farming  territory  surrounding  Shawinigan 
provides  relatively  cheap  food  stuffs,  and  this,  combined  with  the 
natural  French  thrift,  makes  labor  somewhat  cheaper  in  this  dis- 
trict than  perhaps  in  any  other  electrochemical  industrial  location. 
It  is  notably  true  that  at  the  present  time  of  very  high  labor  costs, 
common  labor  is  obtained  at  Shawinigan  for  25  cents  an  hour. 

Shawinigan,  like  other  large  rapidly  growing  communities,  is 
somewhat  hampered  at  the  moment  by  the  lack  of  housing  facili- 
ties, but  houses  are  being  rapidly  built  and  will  no  doubt  keep  pace 
with  the  increasing  population.  As  an  indication  of  the  stability 
of  the  labor,  it  should  be  noted  that  a  great  number  of  the  houses 
in  Shawinigan  are  owned  by  the  workmen  themselves. 
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There  is  a  technical  institute  in  the  city  (Plate  20)  having  some 
150  students  and  equipped  with  fine  modern  laboratories  housed 
in  modern  buildings.  This  institute  offers  a  means  of  education 
to  the  younger  men,  in  order  that  they  may  be  more  fitted  for  the 
industries  existing  in  the  community,  and  its  night  courses,  which 
are  well  attended,  aid  workmen  to  become  more  useful  and  to 
become  foremen  and  superintendents. 

As  the  community  is  quite  new,  large  amounts  of  land  are 
available  for  industries,  and  in  general  sites  may  be  found  lying 
between  the  railroads,  so  that  siding  facilities  may  be  had  on  each. 
There  is  no  difficulty  in  obtaining  water  from  the  river  for  indus- 
trial purposes,  and  this  water  is  of  such  character  that  it  can  be 
used  by  the  majority  of  industrial  works. 

As  the  St.  Maurice  River  is  not  used  for  drinking  purposes 
below  Shawinigan,  and  as  the  salt  sea  water  is  met  a  few  miles 
below  Three  Rivers,  very  little  if  any  objection  can  be  made  to 
stream  pollution  by  industrial  plants. 

RESUME. 

Summarizing  the  Shawinigan  electrochemical  situation,  it  would 
appear  that  the  present  electrochemical  industries  have 

1.  Cheap  power. 

2.  Cheap  labor. 

3.  Low  import  rates  for  ocean-borne  raw  materials. 

4.  Low  export  freight  rates. 

5.  High  coal  costs. 

6.  High  freight  rates  to  American  points. 

7.  Access  to  a  large  amount  of  power. 

The  number  and  size  of  the  electrochemical  industries  at 
Shawinigan  must  increase  rapidly  in  the  future,  because  with 
100,000  H.  P.  now  available  as  fast  as  plants  can  be  erected  to 
utilize  it,  and  with  over  600,000  H.  P.  yet  untouched,  and  with  its 
low  power  costs,  cheap  labor,  and  advantageous  export  rates,  it 
offers  a  strategic  location  for  serving  the  European  market,  which 
for  many  years  to  come  must  be  a  large  one.  At  the  moment  it 
is  one  of  the  few  localities  in  the  country  where  power  in  quantity 
can  be  obtained  quickly  and  cheaply,  and  where  the  necessary 
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labor  for  plant  operation  can  be  obtained  without  excessive  impor- 
tation. 

With  these  present  advantages  and  future  possibilities,  it  is 
almost  certain  that  Shawinigan  will  continue  to  be  the  electro- 
chemical center  of  the  Dominion  of  Canada. 

September  6,  1917 . 


DISCUSSION. 

C.  G.  FiXK^ :  I  have  been  following  this  question  of  water 
power  pretty  closely  for  the  last  few  years.  It  is  a  source  not 
merely  of  satisfaction  but  of  consolation,  that  our  neighbor  has 
550,000  horsepower  for  immediate  use,  and  our  friends  at  Niagara 
Falls  might  be  interested  in  moving  there  if  our  Government  does 
not  come  forward  promptly  with  assistance. 

H.  E.  RandalIv  {Cominiinicated)  :  Our  President  puts  the 
matter  a  little  too  strongly  when  he  states  that  550,000  horse- 
power is  available  for  immediate  use.  While  this  amount  of 
power  is  available  probably  as  fast  as  plants  can  be  erected  to 
utilize  that  amount  of  power,  nevertheless  the  amount  of  power 
actually  immediately  available  is  somewhat  over  40,000  horse- 
power, which  can  be  increased  to  100,000  horsepower  within  three 
months. 

*  Director  of  Research,  Chile  Exploration  Co.,  New  York  City. 


A  paper  presented  at  the  Thirty-second 
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ber 4,  1917 ,  President  Fink  i)i   the  Chair. 


THE  SUBSTATION  PROBLEM  OF  THE  ELECTROCHEMICAL  PLANT 

By  J.  L.   -NIcK.   Yardley.* 

[Abstract.] 

The  author  discusses  the  relations  between  the  electrical  appara- 
tus conditions  and  the  electrochemical  conditions,  that  is,  between 
the  factors  conditioning  efficiency  or  inefficiency  of  the  electrical 
installation  and  the  factors  imposed  by  the  nature  of  the  electro- 
chemical cells  and  their  arrangement  into  plant  units.  The  dis- 
cussion is  illustrated  by  details  of  aluminum  and  copper  plants 
and  caustic  soda  installations.  The  voltage  variation  required  is 
discussed,  particularly  in  regard  to  the  adaptability  of  special 
electrical  plant  to  meet  certain  variations  in  cell  room  requirements. 
Photographs  of  seven  typical  electrical  installations  are  shown,  and 
briefly  described. 


No  attempt  will  be  made  to  consider  this  subject  in  all  its  aspects, 
and  it  is  probable  that  none  of  the  features  mentioned  will  be 
treated  fully.  It  is  intended,  rather,  to  give  a  sketch  or  outline 
of  the  more  obvious  factors  bearing  on  the  matter,  and  to  discuss 
only  some  of  the  simple  and  fundamental  particulars.  It  is  desir- 
able to  review  the  subject  in  this  way  from  time  to  time  for  the 
reason  that  many  of  the  same  points  come  up  for  consideration 
each  time  a  new  electrochemical  plant  is  planned,  and  experience 
shows  that  things  which  are  well  known  and  which  are  funda- 
mental and  simple  are  continually  being  forgotten  or  overlooked. 

The  principal  conditions  which  determine  the  substation  layout 
and  the  nature  of  its  equipment  are : 

(1)  The  nature  and  magnitude  of  the  process;  that  is,  the 
amount  of  current  required  per  unit  cell,  tank  or  pot  room,  the 

*  General   Engineer,   Westinghouse   Electric   &   Mfg.   Company. 
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voltage  range,  the  length  of  time ;  also  the  number  of  units  and 
the  ground  space  available. 

(2)  The  nature  of  the  power  supply,  particularly  whether  the 
voltage  is  high  or  moderate  and  whether  it  is  practically  constant 
or  subject  to  variations. 

(3)  The  inherent  characteristics  and  costs  of  available  appa- 
ratus. 

Owing  to  the  intense  activity  in  all  the  electrochemical  indus- 
tries, such  as  zinc,  copper,  aluminum,  chlorine  and  caustic  soda, 
etc.,  during  the  past  three  years,  a  great  variety  of  new  propo- 
sitions has  come  under  consideration.  In  some  of  these  at  the 
outset  the  general  arrangements  have  appeared  to  depend  upon 
and  have  been  determined  by  one  or  two  of  these  sets  of  conditions 
rather  than  by  all  three.  In  the  end  it  has  usually  been  found 
necessary  to  give  the  same  full  consideration  to  each  condition. 
It  has  been  found  impracticable  to  place  all  the  emphasis  upon  the 
meeting  of  one  set  of  conditions  without  giving  due  weight  to  the 
others.  One  could  not  consider  or  make  a  decision  which  was 
desirable  from  the  process  point  of  view  to  the  exclusion  or  with- 
out adequate  thought  of  the  power  supply  or  the  available  appara- 
tus. In  other  words,  the  conditions  imposed  by  the  available 
apparatus  and  the  power  supply  were  found  to  be  on  the  same 
basis  as  those  imposed  by  the  process,  in  determining  the  layout  of 
the  plant. 

To  most  of  us  it  doubtless  appears  perfectly  obvious  that  this 
should  be  so.  However,  many  individual  mistakes,  causing  poor 
operating  results  and  financial  losses  of  a  more  or  less  permanent 
nature,  have  been  due  to  a  lack  of  appreciation  of  this  point. 
There  are  a  number  of  electrochemical  installations  in  this  country 
and  elsewhere  of  which  it  is  safe  to  say  that  better  financial  returns 
would  be  experienced  had  the  same  effort  been  made  to  adapt  the 
process  end  (through  change  in  size  or  arrangement  of  individual 
cell  or  tank  room  units)  to  the  readily  available  apparatus  as  was 
made  to  obtain  apparatus  which  would  meet  the  special  require- 
ments of  a  predetermined  process-end  arrangement.  Nevertheless, 
to  a  very  great  extent,  there  has  been  true  co-ordination  between 
the  various  parts  in  the  majority  of  plants,  and  to  a  very  great 
extent  there  has  been  success.     It  would  be  untrue  to  deny  this. 
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Such  mistakes  and  failures  as  have  occurred  have  only  tended  to 
show  that  in  the  future  there  should  be  still  greater  co-operation 
betv^een  those  whose  efforts  are  able  to  bring  about  still  greater 
success.  Let  us  make  as  sure  as  we  desire  of  the  credentials  of  the 
man  who  wishes  to  co-operate  with  us,  and.  then  let  us  co-operate, 
without  stint. 

To  take  a  very  simple  illustration  of  the  sort  of  problem  to  be 
met,  let  us  assume  one  desires  to  produce  twenty  thousand  pounds 
(9,000  kg.)  of  caustit  soda  per  day  and  has  found  that  a  total  of 
approximately  252  electrolytic  cells  of  a  certain  size  are  required. 
It  is  very  doubtful  that  there  are  any  good  reasons  from  the 
process  point  of  view  why  these  cells  should  be  arranged  in  three 
groups  of  approximately  84  in  series  in  preference  to  four  groups 
of  approximately  63  in  series ;  whereas,  from  the  apparatus  point 
of  view  there  are  good  reasons  in  favor  of  the  latter  arrangement. 
Its  requirements  fall  within  the  voltage  range  of  apparatus  which 
through  years  of  use  has  become  standardized  the  country  over. 

The  manufacturers  of  electrical  apparatus  are  wide  awake  to 
the  rapid  growth  in  the  electrochemical  industries,  and  they  are 
keen  to  be  leaders  in  that  growth  by  adapting  and  applying  their 
apparatus  to  its  requirements  in  the  most  economical  way,  and  by 
anticipating  its  future  wants  in  new  designs.  However,  it  seems 
just  as  logical  that  the  others  who  are'  interested  in  this  develop- 
ment and  want  to  make  it  an  economical  one,  z'is.,  the  inventors 
and  manufacturers  of  cells,  pots  or  furnaces  and  those  who 
arrange  them,  assemble  them,  build  them  into  a  complete  plant, 
and  operate  them — should  work  with  equal  or  even  greater  zeal 
for  a  size  and  arrangement  having  requirements  which,  as  nearly 
as  possible,  can  be  met  by  already  standardized  electrical  appara- 
tus. When  one  considers  the  relative  costs  of  the  electrical  ap- 
paratus installation  and  the  cell  or  furnace  room  installation,  it  is 
quite  obvious  that  this  should  be  so. 

The  manufacturers  of  electrical  apparatus,  supplying  the  electric 
lighting,  electric  railway  and  numerous  manufacturing  industries 
for  thirty  years  or  longer  (a  considerably  greater  period  than  there 
have  been  electrochemical  industries  of  importance)  had  prac- 
tically settled  upon  certain  voltages  and  sizes  which  would  meet 
the  majority  of  ordinary  requirements  and  insure  economical 
manufacture.    The  incandescent  lamp  and  the  street  railway  motor 
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were  responsible  for  the  fact  that  much  the  larger  part  of  the 
apparatus  was  built  either  for  voltages  in  the  neighborhood  of 
250  or  for  voltages  between  500  and  600.  These  voltages  were 
satisfactory  to  the  various  manufacturing  industries  as  they  came 
along,  or  else  those  industries  turned  to  alternating  current.  Con- 
structions for  voltages  near  250,  or  between  500  and  600,  and  in 
fairly  regularly  graded  sizes,  then  became  standardized.  It  was 
to  the  interest  of  the  various  industries  that  this  should  be  so. 
The  economy  of  manufacture  became  a  maximum. 

Thus  we  find  the  piece  of  electrical  apparatus  which,  as  much 
or  more  than  any  other,  is  used  in  the  electrochemical  industries, 
the  rotary  or  synchronous  converter,  developed  as  it  is  today.  The 
standard  voltages  are  250  and  600,  and  we  find  it  developed  in 
even  sizes  such  as  100,  150,  200,  300,  500,  750,  1,000,  1,500, 
2,000,  3,000,  etc.,  kw.  It  usually  happens,  however,  that,  if  the 
voltage  requirement  of  the  electrochemical  process  is  somewhere 
within  the  approximate  limits  of  200  to  300  volts  or  500  to  650 
volts  and  the  current  requirement  is  equal  to  the  kw.  rating  of  the 
standard  machine  divided  by  its  normal  voltage,  then  the  entire 
requirements  may  be  met  in  a  most  economical  manner  by  an 
already  standardized  piece  of  apparatus.  This  is  particularly  true 
for  any  process  arrangement  requiring  a  voltage  between  200  and 
300  and  rotary  converter  units  of  300  kw.  each,  or  larger,  since 
direct-connected  alternating-current  boosters  have  been  developed 
for  these  machines  so  as  to  make  it  possible  to  readily  vary  the 
direct-current  voltage  delivered  by  the  rotary  converter  30  or  40 
volts  either  side  of  whatever  is  the  mean  direct-current  voltage 
obtained  when  operating  upon  a  particular  transformer  tap. 

Referring  then,  again,  to  the  proposition  to  manufacture  twenty 
thousand  pounds  (9,000  kg.)  of  caustic  soda  per  day,  if  the  cells 
are  arranged  in  four  groups  of  approximately  63  cells  in  each 
series  since  approximately  four  volts  are  required  per  cell,  the 
total  voltage  required  per  group  of  cells  will  come  within  the  scope 
of  standard  electrical  apparatus ;  and,  since  the  current  capacity 
of  the  cell,  in  order  to  give  this  caustic  soda  output,  must  be 
approximately  1,200  A.,  the  requirements  of  each  group  would 
be  filled  very  exactly  by  one  300-kw.,  standard,  250-volt  booster, 
rotary  converter,  with  a  30-volt  buck  and  boost  range,  and  a  step- 
down  transformer  giving  a  mean  D.  C.  voltage  on  the  rotary  con- 


THE   SUBSTATION   PROBLEM.  IO3 

verier  of  approximately  240.  A  total  of  four — or,  in  order  to  have 
a  spare,  five — 300  kw.  booster  rotary  converter  transformer  units 
would  then  be  required. 

The  usual  essential  requirements  of  a  unit  cell  or  furnace  are 
that  it  be  efficient  as  to  the  use  of  both  material  and  power,  and 
that  it  be  of  simple  construction,  easy  to  handle  and  repair.  To 
these  we  should  add  that  either  of  itself,  or  in  series-parallel 
combination  with  other  duplicate  cells,  its  power  requirements 
should  be  such  as  can  be  supplied  by  standard  electrical  apparatus. 
One  of  the  first  and  best  chlorine  cells  took  only  800  amperes,  but 
a  parallel  arrangement  of  five  circuits  of  the  proper  number  of 
cells  in  series  made  a  nice  load  for  a  standard  1,000-kw.,  250-volt, 
booster  rotary  converter.  It  is  interesting  to  note  that  some  of  the 
most  recent  chlorine  cells  have  again  only  1,000  to  1,500  amperes 
current  capacity.  In  the  interval,  much  larger  cells  have  been 
built,  cells  of  2,000  to  2,300  amperes  and  even,  according  to  reports, 
of  4,000  amperes  capacity.  Two  circuits  of  1,000  ampere  cells 
make  a  nice  load  for  a  500-kw.  250  volt  booster  rotary  converter 
unit,  and  one  circuit  of  1,200  ampere  cells,  as  above  outlined,  is  a 
load  for  a  300-kw.,  250-volt  unit. 

The  aluminum  industry  very  early  appreciated  the  value  of 
holding  to  recognized  standards  of  voltage.  The  very  great 
amount  of  power  required  to  produce  aluminum,  approximately 
15  kw.-hours  for  the  reduction  of  one  pound  from  the  oxide, 
called  for  the  best  engineering  efiforts  to  obtain  the  most  econom- 
ical power-supply  and  substation  and  pot-room  arrangements.  In 
Europe,  it  became  customary  to  employ  in  the  reduction  rooms  a 
direct-current  voltage  of  approximately  250.  Since  each  pot 
required  only  about  6  volts,  approximately  40  pots  were  placed  in 
series,  and  since  individual  pots  could  readily  be  shunted  and  cut 
out  of  service  for  relining,  no  appreciable  voltage  variation  on  the 
pot  lines  was  required.  Rotary  converter  transformer  units  be- 
came the  favored  substation  equipment,  owing  to  their  superior 
efficiency ;  and,  while  no  variation  of  voltage  was  required  at  the 
pot-line  terminals,  it  was  thought  best  usually  to  provide  the  units 
with  means  for  small  voltage  variations,  to  correct  for  variations 
in  the  power  supply.  In  some  cases  this  has  been  effected  by 
employing  rotary  converters  with  direct-connected  synchronous 
alternating  current  boosters.     Generally,  however,  owing  to  the 
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anticipated  variation  in  supply  voltage  being  small,  it  has  been 
effected  by  putting  more  than  the  normal  amount  of  reactance 
in  the  step-down  transformers  and  more  than  the  normal  amount 
of  copper  in  the  field  coils  of  the  rotary  converters.  Then  the 
rotary  converter  voltage  has  been  varied  to  meet  line  variations 
by  varying  the  wattless  component  of  the  current  input  to  the 
converter,  which  is  simply  done  by  varying  the  strength  of  the  field 
current.  A  typical  range  for  such  an  installation  is  237^^^  to 
262><  volts. 


Fig.    ]. 

During  the  past  two  or  three  years,  under  the  stress  of  war 
conditions,  a  good  bit  of  work  has  been  done  which  would  probably 
have  been  done  otherwise  had  it  been  thought  there  was  time 
for  thorough  consideration  and  consultation  with  those  who  could 
help.  The  excuse  for  this  sort  of  engineering  in  Europe  has  been 
that  it  was  simply  "provisoire."  For  instance,  the  electrical  work 
in  one  large  electrochemical  substation  of  approximately  30,000 
kw.  capacity  was  done  to  a  great  extent  with  the  aid  of  pencil 
sketches  made  at  the  time  the  apparatus  was  to  be  installed.  The 
resulting  blunders  were  to  be  compensated  for  by  an  earlier  output. 


THE   SUBSTATION    PROBLEM.  I05 

Some  of  the  history  of  this  installation  is  rather  interesting.  The 
substation  was  for  use  in  connection  with  a  development  of  the 
Serpek  process,  in  which,  in  addition  to  the  fixation  of  nitrogen 
in  the  form  of  ammonia  from  aluminum  nitride  obtained  from 
bauxite,  a  very  pure  alumina  is  obtained,  to  be  afterwards  reduced 
to  aluminum  in  the  electrolytic  furnace.  The  first  part  of  the 
process  did  not  prove  successful,  but  the  production  of  aluminum 
went  on,  from  alumina  obtained  elsewhere.  It  was  planned  to 
use  about  5,000  kw.  in  a  pot  line ;  that  is,  20,000  amperes  at  250 
volts,  and  the  reduction  plant  was  to  consist  of  a  number  of  pot 
lines.  Power  came  from  a  100,000  kw.  hydro-electric  generating 
station  a  short  distance  away,  and  the  substation  equipment  was 
to  consist  of  a  large  number  of  2,000  kw.  rotary  converters  pro- 
vided with  high  reactance  transformers  and  shunt  field  control  of 
voltage,  and  a  smaller  number  of  approximately  1,000  kw.  booster 
rotary  converters.  To  supply  each  pot  line  it  was  necessary, 
therefore,  that  at  least  three  rotary  converters  be  operated  in 
parallel  on  the  direct-current  side.  The  direct-current  bus  could 
then  be  sectionalized  to  this  extent.  However,  owing  to  conditions 
which  are  practically  bound  to  occur  frequently  in  such  installa- 
tions, it  was  likely  that  all,  or  nearly  all,  of  the  total  number  of 
14  rotary  converters  would  at  times  be  operated  in  parallel  on  the 
direct-current  side. 

In  the  original  arrangement  it  was  planned  to  connect  these 
rotary  converters  to  the  direct-current  bus  by  means  of  non-auto- 
matic switches.  In  the  scheme  as  contemplated  there  was  no 
automatic  protection  whatever  on  the  direct-current  side  of  the 
rotary  converters,  either  against  overload  or  reverse  current. 
With  this  arrangement,  then,  in  the  case  of  a  minor  breakdown  in 
either  a  rotary  converter  or  its  transformer,  or  the  accidental 
opening  of  a  field  circuit  or  flashing  over  of  a  commutator,  all  the 
remaining  machines  would  feed  into  the  one  experiencing  the 
trouble,  and  before  the  alternating-current  breakers  could  open 
would  badly  burn  and  damage  it,  at  least,  or  would  probably  wreck 
it  completely.  Fortunately,  there  was  an  excellent  construction 
engineer  at  hand  who  knew  how  rotary  converters  should  be 
operated.  When  he  learned  of  the  proposed  arrangement  he  made 
vigorous  protest,  and  insisted  that  to  protect  against  accident  each 
rotary  converter  must  be  equipped  on  the  direct-current  side  with 
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a  carbon  circuit  breaker,  supplied  with  an  overload  trip  device  and 
with  a  no-voltage  release  to  be  operated  in  connection  with  a 
reverse-current  relay  and  the  overspeed  switch  on  the  rotary  con- 
verter. It  is  an  interesting  commentary  on  the  way  things  of  this 
sort  sometimes  work  out,  that  while  this  engineer  finally  succeeded 
in  having  this  auxiliary  equipment  added  to  the  installation,  it 
could  only  be  done  at  the  expense  of  making  himself  and  his 
company  so  unpopular  temporarily  in  his  immediate  surroundings 
that  the  order  for  the  apparatus  he  recommended  was  placed  with 
another  manufacturer. 


Fig.  2. 

There  was  another  bad  feature  in  this  installation  which  is  worth 
describing  for  the  reason  that  the  same  thing  and  variations  on  it 
are  attempted  repeatedly  with  varying  degrees  of  success  or 
failure.  It  was  this:  Four  duplicate,  commutating-pole,  booster- 
type  rotary  converters,  of  approximately  1,000  kw.  capacity  each, 
were  operated  in  parallel  on  the  direct-current  side  to  supply  one 
line  of  pots,  while  on  the  alternating-current  side  two  of  them 
were  connected  to  a  common  secondary  winding  of  one  step-down 
supply  transformer,  and  the  other  two  were  connected  to  a  com- 
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men  secondary  winding  of  a  duplicate  transformer.  The  desire 
to  operate  two  or  more  rotary  converters  from  a  common  trans- 
former is  a  natural  enough  one  in  many  cases.  The  saving  in  cost 
of  transformers  per  kw.  is  substantial.  Occasionally,  the  saving 
in  floor  space  of  transformers  is  important.  If  it  is  desired  to 
operate  three  or  five  or  any  odd  number  of  rotary  converters  from 
the  same  transformer,  this  cannot  usually  be  done  with  separate 
transformer  secondaries,  owing  to  difficulties  in  the  transformer 
design.  In  the  case  of  an  even  number,  particularly  in  the  case 
of  two  rotary  converters,  the  transformer  can  almost  always  be 
very  readily  supplied  with  the  same  number  of  secondary  windings 
and  there  is  practically  nothing  saved  in  supplying  it  with  only 
one  secondary. 

It  is  beyond  the  purpose  of  this  paper  to  go  in  detail  into  the 
argviments  for  and  against  the  operation  of  rotary  converters  in 
parallel  on  both  alternating  and  direct-current  sides.  Such  a 
method  of  operation  is  often  proposed  for  electrochemical  plants, 
and  the  arguments  have  been  freely  published.  A  brief  history  of 
the  above  particular  case  will,  however,  be  instructive  in  showing 
the  special  consideration  required  to  make  the  scheme  operative. 
The  rotary  converters  were  to  be  started  from  the  alternating- 
current  end,  by  means  of  low-voltage  starting  taps  on  the  trans- 
former secondaries  and  double-throw  knife-switches  in  the  leads 
between  the  transformers  and  the  rotary  converters.  When  the 
first  rotary  converter  was  started,  smoke  began  to  roll  off  the 
second  machine.  It  was  then  seen  that  it  would  be  necessary  to 
start  both  rotary  converters  from  the  common  transformer 
secondary  at  the  same  time,  an  operation  obviously  entaihng  the 
simultaneous  efforts  of  two  men.  In  putting  the  four  machines 
in  parallel  on  the  pot-room  load,  considerable  difficulty  was  ex- 
perienced at  first,  due  to  circulating  currents  causing  very  bad 
commutation  and  opening  of  the  circuit  breakers.  If  there  had 
been  a  separate  bus  upon  which  the  rotary  converters  could  have 
been  put  in  parallel  and  adjusted  before  being  connected  to  the 
pot  room  load  the  matter  would  have  been  simplified.  Finally,  a 
scheme  of  operation  was  worked  out  by  the  construction  engineer 
which  it  was  necessary  to  follow  exactly  and  which  was  as  follows : 

"(1)  Start  the  two  rotary  converters  connected  electrically  to 
one  transformer  at  the  same  time  on  the  starting  tap.    Then,  open 
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the  Starting  switches  at  the  same  time  and  throw  both  over  to  the 
running  position.  Repeat  this  operation  with  the  two  machines 
connected  to  the  other  transformer.  Adjust  for  polarity  on  all 
four  machines. 

(2)  Parallel  one  set  of  rotary  converters  through  the  direct- 
current  breakers  on  the  negative  side  only,  within  one  volt ;  other- 
wise bad  circulating  currents  will  start  to  flow  through  the  negative 
interpole  windings  with  a  certain  amount  of  compounding,  the 
circuit  being  completed  through  the  alternating  current  ends.    This 


Fig.   3. 


voltage  adjustment  is  done  with  the  main  rotary  shunt  field 
rheostat,  making  sure  that  no  direct  current  is  circulating.  Repeat 
the  operation  for  the  other  two  rotary  converters. 

(3)  After  the  voltage  on  all  rotary  converters  is  set  exactly, 
close  the  four  switches  (positive  side  of  each  machine)  at  the 
same  time  to  the  load  in  the  reduction  room.  After  these  switches 
have  been  closed,  quickly  adjust  the  main  shunt  field  rheostats  for 
equal  division  of  load  ;  otherwise,  circulating  currents  large  enough 
to  trip  the  direct-current  breakers  will  start. 

(4)  No  attempt  should  be  made  to  employ  the  booster  and 
commutating   pole   auxiliary    field   windings,    as    the   circulating 
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current  proposition  cannot  then  be  kept  to  a  minimum.  Operate 
the  machines  as  straight  rotary  converters.  All  voltage  variations 
for  the  reduction  rooms  should  be  done  with  the  alternators  at  the 
power  house,  by  phone." 

The  plant  was  operated  for  some  months  in  this  manner  and 
finally  the  rotary  converters  were  put  on  separate  transformer 
secondaries.  Almost  identical  trouble  was  experienced  in  a 
chlorine  and  caustic  soda  plant  here  in  America  within  the  past 
two  years,  due  to  the  attempted  operation  of  a  number  of  booster 
rotary  converters  from  a  common  transformer  secondary.  The 
final  result  was  that  the  transformer  was  changed. 

In  America,  the  power  supply,  substation,  and  reduction-room 
arrangements  in  the  aluminum  industry  have  been  developed  to 
a  high  state  of  perfection.  More  intensive  eft'ort  has  been  directed 
thereon  than  in  probably  any  other  similar  industry.  The  advan- 
tage of  a  higher  voltage  on  the  pot  lines  was  soon  appreciated,  and 
all  recent  developments  have  been  based  on  employing  a  voltage 
in  the  neighborhood  of  500  to  550  D.  C.  There  is  a  substantial 
gain  in  efficiency  and  cost  over  250  volt  operation.  The  electrolyte 
being  exceedingly  non-conductive,  except  when  molten  at  a  very 
high  temperature, "and  being,  in  fact,  isolated  in  the  reduction  pots, 
there  are  practically  no  leakage  losses.  This  voltage  is,  moreover, 
entirely  safe  for  the  men  on  the  pot-room  shifts,  for  the  reason 
that  there  is  no  conducting  electrolyte  which  is  free  and  because 
nearly  everything  outside  of  the  pots  and  the  electrical  connections 
thereto  is  an  excellent  insulator.  While  there  will  undoubtedly 
be  great  developments  in  this  industry  in  the  future,  owing  to  the 
growing  demand  for  aluminum,  it  is  unlikely  that  there  will  be 
any  appreciable  change  in  the  voltage  employed  in  the  reduction 
rooms.  In  fact,  it  is  doubtful  that  it  will  be  of  appreciable  advan- 
tage to  use  a  voltage  materially  above  the  standard  600  volts  in 
any  electrochemical  plant.  The  maximum  efficiency  of  the  rotary 
converter  is  practically  reached  at  600  volts.  The  cost  of  the 
apparatus  begins  to  increase  above  that  voltage  and  the  operating 
troubles  multiply  so  rapidly  that  it  is  unlikely  the  process  end  can 
show  sufficient  compensating  advantages. 

In  the  electrolytic  deposition  of  some  of  the  other  metals,  such 
as  zinc,  copper,  etc.,  and  in  the  refining  of  these  metals,  there  are 
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Other  and  more  difficult  conditions  to  be  met.  It  is  often  a  very 
hard  matter,  and  sometimes  quite  an  impossible  one,  to  obtain  the 
desired  resuUs  without  employing  a  great  deal  of  rather  special 
apparatus.  In  these  developments  particularly,  then,  the  electrical 
manufacturers  can,  if  allowed,  be  of  very  great  assistance  in  the 
working  out  of  the  general  arrangement  which  will  be  the  most 
satisfactory  from  the  ultimate  point  of  view. 

The  particular,  and  the  immediately  apparent,  point  is  the  great 
range  of  voltage  required  on  the  cell  or  tank  room.  Thus,  appa- 
ratus having  a  great  voltage  range  is  required,  on  account  of  the 
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process  and  not  on  account  of  line  variations;  although,  if  there 
are  line  variations,  the  apparatus  must  be  able  to  take  care  of  them 
also.  In  this  work  a  voltage  range  of  2  to  1  is  quite  a  common 
thing  and  in  some  cases  a  voltage  range  of  nearly  3  to  1  has  been 
required.  The  reason  for  this  great  range  appears  to  lie  in  the 
desire  to  be  able  to  withdraw  from  the  circuit  large  sections  of  the 
tanks  for  the  removal  of  the  metal  and  the  treatment  of  the 
electrolyte.  Where  the  liquor  contains  the  metal,  as  by  a  process 
of  leaching  from  the  ore,  it  seems  apparent  that  unless  a  very 
free  circulation,  affording  practically  continuous  renewal,  is 
achieved,  there  must  be  frequent  withdrawal  of  what  should  be 
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large  sections  of  the  tanks.  Since  the  deposition  voltage  of  zinc 
is  roughly  twice  that  of  copper,  it  is  reasonable  to  suppose  that  a 
somewhat  greater  voltage  variation  might  be  desirable  in  a  zinc 
reduction  plant  than  in  a  copper  reduction  plant.  In  one  of  the 
latest  installations  for  copper  refining,  the  voltage  range  of  the 
apparatus  supplied  was  practically  2  to  1.  Although  the  voltage 
for  refining  from  the  soluble  copper  anodes  is  only  one-sixth, 
roughly,  of  the  copper  deposition  voltage  with  insoluble  anodes, 
it  is  necessary  to  carry  in  the  neighborhood  of  2  percent  of 
insoluble-anode  tanks,  to  correct  for  the  gradual  accumulation  of 
copper  in  the  electrolyte.  These  occasion  an  appreciable  variation 
in  the  total  resistance  of  the  tank  house  when  they  are  cut  in  or 
out  of  circuit. 

Since,  in  a  process  of  this  sort,  the  electrolyte  must  be  continu- 
ally circulated  to  avoid  stratification,  as  well  as  to  permit  purifi- 
cation, and  since  the  electrolyte  is  highly  conducting,  the  oppor- 
tunities for  current  leakages  are  large.  These  leakage  losses  may 
be  reduced  to  a  minimum  by  careful  planning  of  the  tank-room 
arrangement,  but  they  cannot  be  eliminated.  The  higher  leakages 
in  the  higher  voltage  installations  tend  to  offset  the  other  advan- 
tages of  such  higher  voltage.  In  fact,  one  refining  company  which 
had  been  operating  a  large  part  of  its  tank  room  with  the  electrodes 
in  a  series  system  and  had  previously  purchased  a  large  number 
of  booster  rotary  converters  having  a  normal  voltage  of  225, 
recently  installed  a  new  plant  to  operate  on  the  multiple  system  and 
purchased  for  it  a  large  number  of  booster  rotary  converters 
having  a  normal  voltage  of  110,  although  more  than  3  percent  in 
the  rotary  converter  efficiency  was  lost  thereby. 

It  is  usually  found  that  a  process  requiring  this  great  voltage 
range  can  be  supplied  more  satisfactorily  by  an  installation  of 
booster  rotary  converters  than  by  any  other  type  of  installation. 
I  do  not  mean  to  say  that  the  booster,  itself,  gives  the  rotary 
converter  this  range.  It  is  obtained  by  supplying  one  or  two  taps 
on  the  primary  or  secondary  of  the  transformer  and  by  providing 
the  necessary  switching  for  quickly  transferring  the  booster  rotary 
converter  from  one  tap  to  another.  In  case  the  process  should 
demand  that  the  voltage  be  varied  from  one  extreme  of  the  range 
to  the  other,  without  even  a  momentary  interruption  of  the  load, 
a  3  to  1  range  could  not  be  met  and  a  2  to  1  range  could  scarcely 
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be  met  efficiently  and  economically  by  a  booster  rotary  converter. 
There  apparently  are  few  or  no  cases  where  an  absolutely  continu- 
ous range  is  essential,  but  there  have  been  cases  in  which  the  cost 
of  the  additional  switching  and  the  connections  to  the  extra  trans- 
former taps  required  by  the  booster  rotary  converter  installation 
has  assisted  in  making  an  installation  of  motor  generator  sets 
appear  favorable  in  comparison. 

Motor  generator  sets  have  been  applied  in  this  work  to  a  con- 
siderable extent,  even  within  the  past  two  or  three  years.    When 
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the  voltage  range  is  very  large,  a  separate  exciter  is  required ;  but 
as  mentioned,  the  range  is  continuous.  They  also  contain  the 
possibility  of  power  factor  correction,  which  is  sometimes  availed 
of.  When  they  appear  to  be  an  attractive  commercial  proposition, 
however,  it  is,  I  think  I  may  say,  always  the  case  that  there  is 
plenty  of  power  available  at  a  moderate  voltage,  13,000  volts  or 
less,  from  which  to  operate  the  motor  generator  sets  without  the 
added  cost  and  losses  of  step-down  transformers.  Compared  with 
this  arrangement,  there  is  a  difference  in  efficiency  of  only  in  the 
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neighborhood  of  2  percent  in  favor  of  a  booster  rotary  converter 
transformer  installation,  assuming  fairly  continuous  operation  at 
the  rated  load;  whereas,  if  transformers  are  required  for  the 
motor  generator  sets,  due  to  the  supply  voltage  being  materially 
above  13,000  volts,  there  is  a  difference  in  efficiency  in  favor  of  a 
booster  rotary  converter  installation  in  the  neighborhood  of  5 
percent.  It  is  this  matter  of  efficiency,  taken  in  conjunction  with 
the  cost  of  power,  which  is  usually  the  determining  factor. 

The  greatest  voltage  range,  so  far  as  I  know,  for  which  booster 
rotary  converters  have  been  provided  is  in  the  order  of  2.5  to  1. 
This  range  is  obtained  in  this  case  by  means  of  one  tap  on  the 
secondary  winding  of  the  transformer.  It  is  usual  in  this  relatively 
low- voltage  work  for  the  transformer  to  have  a  very  small  number 
of  turns  in  its  secondary  winding,  and  in  this  case  there  are  only 
three  turns.  A  tap  is  brought  out  at  the  second  turn,  which  is 
used  for  operation  on  the  lower  part  of  the  range.  This  same  tap 
is  used  in  the  starting  of  the  rotary  converters,  although  at  the 
time  of  starting  a  machine,  to  prevent  an  excessive  starting  cur- 
rent, a  suitable  reactance  is  placed  in  the  circuit,  which  reactance 
is  short  circuited  by  a  switch  when  the  rotary  converter  is  in 
synchronism. 

It  often  happens  that  the  number  of  secondary  turns  requisite 
for  an  efficient  and  economical  design  of  transformer  will  not 
permit  exactly  the  desired  tap  being  obtained  on  the  secondary 
side.  On  the  other  hand,  if  the  supply  voltage  is  high,  such  as 
66,000  volts  or  110,000  volts,  it  is  obviously  impracticable  to  place 
the  tap  on  the  primary  winding,  on  accovmt  of  the  expensive 
switching.  In  such  case  it  is  evident  that  some  change  must  be 
made  in  the  number  of  cell  or  tank  sections,  in  order  to  change 
the  range  one  way  or  other.  Sometimes  the  line  voltage  is  stepped 
down  in  "two  transformations  and  the  voltage  on  the  primary  of 
the  rotary  transformers  is  13,000  volts  or  less.  In  such  cases,  if 
the  transformer  secondary  current  is  very  large,  so  that  secondary 
switches  would  be  expensive  and  difficult  to  handle,  the  primary 
tap  and  psimary  switching  provide  a  very  satisfactory  arrange- 
ment. 

If  the  voltage  at  the  primary  of  the  rotary  transformer  is  2,200 
volts,  6,600  volts  or  even  13,000  volts,  there  is  an  arrangement  of 
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apparatus  which,  assuming  the  conditions  of  the  process  are  just 
suitable,  may  prove  economical.  The  arrangement  which  has  been 
suggested  in  a  number  of  cases  is  to  employ  straight  rotary  con- 
verters with  separately-driven  boosters,  instead  of  booster  rotary 
converters.  Assuming  that  there  are  long  periods  of  operation  in 
the  process  at  the  lower  extreme  of  the  voltage  range,  or  even 
at  the  middle  of  the  voltage  range,  then  it  is  reasonable  to  expect 
a  saving  in  power  by  the  use  of  separately  driven  boosters  which 
can  be  shut  down  when  not  required.    Considering  a  unit  of  large 


size,  the  combination  of  a  straight  rotary  converter  and  a  sepa- 
rately-driven booster,  operating  at  the  extreme  of  the  voltage 
range,  that  is,  with  the  booster  operating  at  full  load,  has  an 
efficiency  which  is  practically  equal  to,  or  may  even  slightly  exceed, 
that  of  the  corresponding  booster  rotary  converter.  However, 
when  operating  at  other  points  of  the  range,  the  effisiency  is  in 
favor  of  the  booster  rotary  converter ;  and,  when  operating  at  or 
near  the  no-load  condition  of  the  booster,  which  may  be  the  lower 
extreme  of  the  voltage  range  of  the  process,  or  the  middle  of  the 
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range,  depending  upon  the  size  of  the  booster,  there  is  a  consider- 
able difference  in  efficiency  in  favor  of  the  booster  rotary  con- 
verter. 

It  has  not  seemed  likely  that  many  processes  would  permit  of 
operation  for  long  intervals  at  a  voltage  corresponding  to  the 
no-load  condition  on  the  booster,  so  that  the  shutting  down  of  the 
separately-driven  booster  could  be  definitely  taken  into  the  calcu- 
lation. However,  unless  the  process  conditions  do  permit  of  such 
operation,  there  do  not  seem  to  be  many  good  reasons  for  employ- 
ing this  combination.  It  is  true,  the  separately-driven  booster 
makes  the  commutating  conditions  easier  in  the  straight  rotary 
converter  than  in  the  booster  rotary  converter,  but  this  is  not  a 
sufficient  argument.  So  far  as  I  have  been  able  to  find  by  investi- 
gation, there  is  nothing  saved  in  first  cost  when  one  separate 
booster  is  supplied  for  each  rotary  converter,  as  compared  with 
supplying  the  same  number  of  units  of  booster  rotary  converters. 
I  made  some  investigations  in  connection  wnth  a  case  in  which  it 
was  proposed  to  use  a  total  of  40,000  amperes  direct  current  over 
a  range  of  580  to  510  volts,  and  was  required  that  the  40,000 
amperes  should  be  used  in  four  10,000  ampere  units.  Assuming 
a  process  with  a  short  "starting  period"  at  580  volts  and  a  long 
running  period  at  510  volts,  it  seemed  possible  that  something 
might  be  saved  in  first  cost  by  supplying  separately-driven  boost- 
ers, only  two  of  them,  for  four  straight  rotary  converters.  It 
became  apparent,  shortly,  that  this  could  not  be  done  if  the 
boosters  were  placed  in  the  circuit  between  the  transformers  and 
the  rotary  converters.  This  was  on  account  of  the  great  expense 
of  the  transfer  bus  and  switches  required  by  the  arrangement. 
It  was  found,  then,  that  if  a  moderate  voltage  on  the  primary  of 
the  rotary  transformers,  such  as  6,600  volts,  could  be  assumed, 
and  if  the  two  separately-driven  boosters  and  the  necessary  trans- 
fer bus  and  switches  were  placed  in  that  circuit,  there  would  be  a 
slight  saving  in  first  cost  over  an  installation  of  four  booster  rotary 
converter  units.  The  saving  appeared  to  me  to  be  in  no  way 
commensurate  with  the  great  convenience  of  having  a  booster  for 
each  unit  and  of  having  that  booster  self-contained  in  a  booster 
rotary  converter.  To  show  how  completely  the  power  saving  is 
determined  by  the  cycle  of  operation,  the  following  figures  are 
given : 
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With  cycles  of  operation  consisting  of  the  following: 

(1)  One  hour  at  580  volts  and  23  hours  at  510  volts,  with  the 
separately-driven  boosters  shut  down,  there  are  1,450  kw.  hours 
of  losses  showing  against  the  booster  rotary  converters. 

(2)  Six  hours  at  580  volts  and  18  hours  at  510  volts,  with  the 
separately-driven  boosters  shut  down,  there  are  1,300  kw.  hours 
of  losses  showing  against  the  booster  rotary  converters. 

(3)  Six  hours  at  580  volts,  6  hours  at  545  volts,  6  hours  just 
above  510  volts,  and  6  hours  at  510  volts,  with  the  separately- 
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driven  boosters  shut  down,  the  losses  are  practically  the  same  in 
each  arrangement. 

(4)  Six  hours  at  580  volts,  6  hours  at  545  volts  and  12  hours 
at  510  volts,  or  just  above  510  volts,  with  the  separately-driven 
boosters  running  continuously,  there  are  1,000  kw.  hours  of  losses 
showing  against  the  combination  of  straight  rotary  converters  and 
separately-driven  boosters. 

Assuming  a  cost  of  power  of  about  0.3  cent  per  kw.  hour,  the 
above  kw.  hour  losses  may  be  read  as  dollars  per  year. 


THE   SUBSTATION    PROBLEM.  II7 

While  it  has  been  the  intention  to  discuss  the  subject  of  this 
paper  only  in  a  very  general  way,  hoping  at  the  same  time  to 
refresh  our  memories  on  a  number  of  points  which  are  of  special 
interest,  it  is  felt  that,  from  a  general  interest  standpoint,  the 
intention  will  have  failed  if  all  description  of  existing  installations 
is  omitted.  Accordingly,  a  number  of  pnotographs  are  shown  and 
a  brief  description  of  each  is  added: 

Photograph  1  shows  an  installation  of  five  500  kw.,  250-volt, 
60-cycte  booster  rotary  converters,  supplying  a  voltage  range  of 
from  220  to  280  volts.  The  alternating-current  leads  are  shown 
coming  through  the  wall  from  the  transformer  beyond.  This 
apparatus  is  used  for  the  production  of  chlorine  and  caustic  soda. 

Photograph  2  shows  part  of  the  substation  equipment  of  an 
electrochemical  plant  which  makes  chlorine  and  caustic  soda.  The 
machines  shown  are  two  500  kw.,  250-volt,  25-cycle,  220  to  280- 
volt  standard-range  booster  rotary  converters  which  are  operated 
from  a  transformer  tap  to  give  a  normal  of  225  volts  and  a  range 
of  200  to  250  volts.  The  photograph  also  shows  the  incoming 
11,000  volt  line  and  bus  structure,  the  step-down  transformers, 
the  alternating-current  switchboard  and  meter  panels,  the  starting 
panels  and  the  direct-current  switchboard  panels.  This  photo- 
graph is  interesting,  particularly  for  the  reason  that  it  shows 
practically  the  amount  of  apparatus  which  has  been  provided  in 
several  cases  since  the  beginning  of  the  war  in  small  chlorine 
plants  to  provide  bleach  for  pulp  and  paper  mills,  etc.  In  con- 
tinuous operation,  this  amount  of  apparatus  should  produce 
roughly  7  tons  of  chlorine  per  day. 

Photograph  3  shows  part  of  an  installation  of  motor  generator 
sets  in  an  electrolytic  copper  plant.  There  are  three  4-unit  motor- 
generator  sets,  each  consisting  of : 

One  2,500-H.  P.,  1,930-K.  V.  A.,  2,200-volt,  60-cycle,  100  per- 
cent P.  F.,  3-phase,  600  R.  P.  M.,  motor. 

Two  850-kw.,  170- volt,  5,000-ampere  generators,  having  a  range 
of  from  90  to  185  volts. 

One  direct-connected  22^-kw.  125-volt  exciter. 

The  direct-current  breaker  and  switch  panels  for  each  generator 
are  located  at  its  side.  The  usual  operation  is  at  from  100  to  115 
volts.     This  amount  of  apparatus  in  continuous  operation  should 
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be  able  to  extract  from  solution  roughly  40  tons  of  copper  per 
day,  or  to  refine  roughly  240  tons  of  copper  per  day. 

Photograph  4  shows  part  of  a  substation  installation  in  an 
electrolytic  refining  plant.  It  shows  three  motor  generator  sets, 
each  consisting  of  the  following : 

One  1,730-H.  P.,  6,600-volt,  3-phase,  60-cycle,  90  percent  P.  F., 
motor. 

Two  600-kw.,  200-volt  generators,. having  a  range  of  from  140 
to  210  volts.  Each  generator  delivers  3,500  amp.  at  140  volts  and 
3,000  amp.  over  the  range  180  to  210  volts.  The  operation  is  at 
200  volts,  3,000  amperes  the  greater  part  of  the  time. 

Photograph  5  shows  part  of  the  interior  of  a  substation  in  a 
copper  refinery.  In  this  part  there  are  four  booster  rotary  con- 
verter units  with  step-down  transformers  and  switching.  The 
rotary  converters  have  a  total  range  of  from  62  to  126  volts  and 
have  an  output  of  8,670  amperes  each  over  this  entire  range.  This 
range  is  obtained  by  means  of  one  extra  tap  on  the  primary  of  the 
13,000  volt  transformer.  There  is  no  secondary  switching.  The 
13,000  volt  switches,  located  in  the  bus  structure  at  the  extreme 
right,  are  remote  controlled  from  the  alternating-current  switch- 
board panels  in  the  extreme  rear.  The  rotary  converters  are 
started  by  throwing  them  directly  on  to  the  lower  voltage  tap. 
The  main  direct-current  switch  panels  are  shown  at  the  left.  This 
apparatus  in  continuous  operation  should  be  able  to  refine  roughly 
275  tons  of  copper  per  day. 

Photographs  6  and  7  show  typical  cell  rooms  for  the  production 
of  caustic  soda,  bleach  and  other  chlorine  products.  Six  is  a  front 
view,  and  7  is  a  rear  view  which  shows  the  electrical  connections, 
brine  mains,  and  chlorine  gas  mains.  These  cuts  are  of  particular 
interest  when  taken  in  connection  with  the  electrical  apparatus 
shown  in  cuts  1  and  2. 
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ELECTRIC  PIG  IRON  IN  WAR  TIMES 

By  Robert  Turnbull.* 

[Abstract.] 

The  influence  of  war-time  conditions  on  electric  pig-iron  pro- 
duction is  studied,  and  the  reasons  discussed  why  electric  pig  iron 
is  not  being  made  at  present  in  North  America,  although  the  profits 
would  appear  attractive. 

The  manufacture  of  low-phosphorus  pig  iron  (now  selling  at 
a  very  high  price)  by  melting  steel  scrap  in  an  electric  furnace  is 
described,  and  its  commercial  possibilities  discussed,  with  par- 
ticular reference  to  post-bellum  conditions.  The  addition  of  steel 
scrap  to  blast  furnaces  and  electric  pig-iron  furnaces  to  increase 
their  output  is  also  described,  as  a  procedure  which  is  profitable 
under  present  conditions. 


The  abnormal  high  prices  which  are  at  present  being  paid  for 
iron  and  steel  products,  and  which  have  been  ruling  for  the  last 
eighteen  months,  have  seemingly  failed  to  stimulate  or  encourage 
the  manufacture  of  pig  iron  from  ore  in  the  electric  furnace. 
Although  from  $50.00  to  $80.00  per  ton  is  now  being  paid  for  the 
dififerent  grades  of  pig  iron,  no  progress  has  been  made  in  the 
United  States  or  Canada  in  the  production  of  electric  pig  iron 
from  ore,  and  it  may  safely  be  said  that  outside  of  Sweden  and 
Norway  the  production  of  pig  iron  from  ore  in  the  electric  furnace 
is  practically  nil.  That  pig  iron  could  be  made  from  ore  in  the 
electric  furnace  under  present  conditions,  and  at  the  same  time 
yield  a  handsome  profit,  there  is  not  the  slightest  doubt,  but  there 
are  many  difficulties  in  the  way  of  the  prospective  manufacturer 
and  one  of  the  most  serious  is  the  shortage  of  power. 

*  Electric   Furnace   Engineer,   Welland,   Ontario,    Canada. 
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In  the  early  part  of  1906,  when  the  smelting  of  pig  iron  in  the 
electric  furnace  was  undertaken  by  the  Canadian  Government,  the 
report  issued  some  time  afterwards  claimed  that  the  results  of  the 
experiments  had  proved  that  four  tons  of  pig  iron  could  be  pro- 
duced per  horse-power  year,  in  other  words,  this  amount  of  iron 
could  be  produced  with  an  expenditure  of  about  1,650  kw.  hours, 
whereas  the  present  Swedish  practice,  where  large  furnaces  are 
used,  shows  that  from  2,500  to  3,000  kw.  hours  is  required  to 
produce  one  gross  ton  of  grey  iron. 

A  few  years  ago  the  writer  made  some  experiments  with  a 
single-phase  furnace  using  about  650  kw.,  the  ore  used  being  a 
hematite  containing  from  50  to  52  percent  metallic  iron.  This 
furnace  was  operated  for  several  weeks  and  the  expenditure  of 
energy  per  gross  ton  of  pig  iron  produced  was  2,300  to  2,400  kw. 
hours.  It  will  therefore  readily  be  seen  that  to  produce  any  con- 
siderable quantity  of  iron  in  the  electric  furnace,  large  amounts  of 
power  will  be  necessary,  and  this,  coupled  with  the  fact  that  such 
an  enterprise  could  only  be  operated  under  existing  conditions, 
which  are  liable  to  change  at  any  moment,  has  no  doubt  deterred 
investors  from  risking  the  capital  necessary  for  such  an  under- 
taking. 

The  writer's  own  experience  has  not  gone  to  show  that  any 
advantage  has  been  gained  either  by  lowering  the  expenditure  of 
power  or  decreasing  the  gross  cost  of  the  product  by  the  use  of 
the  shaft  furnace,  such  as  is  used  in  Sweden,  for  unless  the  gases 
are  utilized  the  shaft  furnace  becomes  a  complicated,  expensive 
and  unnecessary  piece  of  apparatus.  A  well-designed  ordinary 
electric  smelting  furnace  with  partial  roof  and  automatic  charging 
from  overhead  hoppers,  will  produce  a  cheaper  pig  than  the  shaft 
furnace,  and  the  first  cost  of  plant  would  be  considerably  less. 

With  the  war,  however,  a  new  industry  has  been  created  for  the 
electric  furnace,  which  owing  to  its  practically  low  initial  cost  in 
plant  and  low  power  consumption,  bids  fair  to  become  very  popu- 
lar, and  that  is  the  production  of  pig  iron  from  shell  turnings  and 
shell  scrap. 

As  the  specifications  for  steel  to  be  used  in  the  manufacture  of 
shells  call  for  low  phosphorus  and  sulphur,  it  is  possible  in  the 
electric  furnace  to  produce  a  low  phosphorus  pig  iron  from  such 
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scrap  at  a  figure  which,  given  the  present  selHng  price  of  low 
phosphorus  pig  iron,  yields  a  handsome  profit,  while  very  little 
refining  is  necessary.  Any  type  of  steel  furnace  can  be  used  for 
this  process,  and  it  is  not  even  necessary  to  have  a  furnace  of  the 
tilting  type  when  little  refining  has  to  be  done,  as  by  special  man- 
ipulation of  the  slag  in  the  furnace,  a  certain  amount  of  phos- 
phorus can  be  removed,  and  sulphur  is  always  to  some  extent 
eliminated  by  the  basic  slag  employed. 

The  possibility  of  this  process  was  first  brought  to  the  writer's 
attention  in  the  fall  of  1916,  and  experiments  were  immediately 
undertaken  in  a  small  furnace  at  Orillia,  Ontario.  These  experi- 
ments having  proved  the  process  to  be  a  feasible  one,  a  new  single- 
phase  furnace  was  built  and  has  been  in  successful  operation  since 
January  of  the  present  year.  From  6  to  7  tons  of  low  phosphorus 
pig  iron  is  being  produced  per  24  hours,  the  amount  of  power 
used  on  the  furnace  being  about  250  kw. 

Furnaces  for  this  work  have  since  been  installed  at  St.  Cath- 
arines, and  Collingwood,  Ontario,  also  at  Shawinigan  Falls, 
Quebec,  and  a  number  of  furnaces  are  now  operating  in  the  United 
States. 

At  St.  Catharines,  the  furnace  is  of  6-ton  capacity,  three-phase, 
operated  by  Packard  transformers  of  1,200  kw.,  but  only  700  kw. 
is  being  used  at  the  present  time,  owing  to  the  shortage  of  power. 
The  daily  output  is  around  20  tons.  It  is  estimated  that  the  pro- 
duction will  attain  35  gross  tons  with  the  full  power  of  1,200  kw. 
The  operation  is  in  many  respects  similar  to  the  making  of  steel 
in  the  electric  furnace,  the  refining  process  for  the  elimination  of 
phosphorus  being  somewhat  different.  The  charge  consists  of 
shell  turnings,  the  necessary  carbon  base,  which  may  be  charcoal, 
coke  or  coal,  ferro-silicon  and  lime,  manganese  is  not  added,  as 
care  is  taken  in  the  process  to  conserve  the  manganese  already 
contained  in  the  turnings.  The  furnace  is  of  the  fixed  type,  with 
a  carbon  bottom  and  silica  brick  lining,  there  are  two  charging 
doors  and  one  tap  hole,  similar  to  what  is  used  in  open-hearth 
furnaces.  The  furnace  is  controlled  by  automatic  regulators, 
which  eliminate  to  a  great  extent  manual  labor  on  the  furnace, 
besides  giving  a  much  steadier  load  than  is  possible  by  hand 
control.  The  product  is  cast  in  sand,  the  pig  beds  being  placed 
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about  30  feet  from  the  furnace.  In  our  Orillia  plant  the  iron  is 
cast  into  iron  moulds,  which  make  a  better  looking  pig  than  sand 
casting.  The  return  in  iron  as  compared  with  the  scrap  charged 
is  about  95  percent,  and  as  about  5  percent  is  added  to  the  iron 
in  the  form  of  carbon  and  silicon,  the  total  loss  is  about  10  percent 
of  scrap  charged.  The  pig  produced  is  very  tough  and  the  analysis 
is  fairly  uniform,  as  can  be  judged  by  the  following  table  of 
consecutive  heats : 


Heat  No. 

Silicon 

Sulphur 

Phosphorus 

237 

1.45 

0.025 

0.025 

238 

1.83 

.029 

.031 

239 

2.82 

.030 

.033 

240 

2.11 

.029 

.027 

241 

1.88 

.025 

.027 

242 

2.49 

.027 

.027 

243 

1.21 

.035 

.040 

244 

2.35 

.030 

.030 

245 

1.25 

.029 

.031 

246 

1.55 

.027 

.027 

247 

1.59 

.028 

.031 

248 

1.50 

.025 

.029 

249 

2.02 

.029 

.032 

250 

1.50 

.032 

.038 

251 

1.41 

.029 

.033 

252 

1.50 

.025 

.023 

253 

2.20 

.025 

.027 

254 

1.50 

.027 

.030 

The  carbon  is  very  rarely  over  3  percent ;  from  this  point  on- 
wards any  extra  carbon  added  is  very  destructive  to  the  lining  and 
roof  of  the  furnace.  A  roof  will  last  from  150  to  200  heats;  the 
roof  conditions  are  being  gradually  improved  and  300  heats  may 
yet  be  realized  for  one  roof. 

The  process  is  not  a  new  one,  as  attempts  were  made  several 
years  ago  to  make  pig  iron  from  scrap  steel,  but  the  cost  was  found 
to  be  prohibitive.  The  writer  also  made  some  experiments  in 
operating  the  pig-iron  furnace  for  ore,  before  mentioned,  by 
mixing  50  percent  each  of  scrap  and  ore  in  the  charge.  The  result 
was  an  increased  production  from  about  6  tons  on  ore  alone  to 
11  tons  with  the  mixture.  The  same  amount  of  power  was  used 
in  both  cases. 

In  passing,  it  might  be  said  that  some  of  the  blast  furnaces  in 
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the  States  are  now  mixing  considerable  quantities  of  steel  turnings 
with  the  ore,  in  order  to  increase  their  output. 

Whether  this  process  will  be  feasible  after  the  war  and  when 
normal  conditions  are  again  with  us  is  not  a  settled  point.  The 
cost  of  production  is  at  present  high,  and  would  be  prohibitive 
under  normal  conditions.  It  must  be  remembered,  however,  that 
costs  today  are  possibly  fifty  percent  higher  than  they  were  three 
years  ago,  and  it  is  the  writer's  conviction  that  provided  future 
experiments  find  a  means  of  eliminating  phosphorus  from  the  iron 
without  removing  the  slag,  the  process  can  be  profitably  operated 
in  normal  times,  at  least  in  Canada,  where  low  phosphorus  pig  iron 
is  always  a  dollar  or  two  higher  than  in  the  United  States. 

In  conclusion,  although  a  little  foreign  to  this  paper,  the  writer 
would  like  to  call  the  attention  of  all  those  interested  in  steel 
furnaces  to  the  roof  coolers,  which  are  placed  around  the  elec- 
trodes in  order  to  keep  the  bricks  at  that  point  as  cool  as  possible. 
Recent  practice  at  St.  Catharines  has  shown  that  the  life  of  the 
roof  can  be  prolonged  materially  by  correct  application  of  these 
roof  coolers,  especially  the  ring  of  bricks  around  the  electrodes. 
These  coolers  should  be  made  to  the  exact  form  of  the  roof,  and 
should  rest  on  the  bricks  which  form  the  ring  around  the  electrode, 
and  not  on  any  packing  between  these  bricks  and  the  cooler.  They 
should  not  be  flanged,  but  cast  to  a  special  form,  so  that  the  cooling 
water  will  be  at  an  equal  distance  from  all  outside  surfaces.  The 
writer  will  be  glad  to  give  any  further  particulars  to  members 
who  may  be  interested. 


DISCUSSION. 

Robert  Turnbull  :  The  number  of  kilowatts  per  net  ton  was 
slightly  over  700.  That  was  measured  on  the  peak ;  the  inte- 
grated k.w.  were  a  little  less  than  550.  The  load  factor  for  the 
month  was  58  percent.  That  was  with  two  shut-downs  for  re- 
lining,  and  putting  a  new  roof  on  the  furnace,  also  for  repairing 
and  adding  new  ririgs  around  the  electrodes. 

The  last  fifteen  days  of  last  month  produced  iron  carrying  sul- 
phur 0.019  and  phosphorus  0.026.  We  are  getting  better  results 
all  the  time  in  the  way  of  refining  metal. 
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Then  I  spoke  of  the  carbon,  about  the  difficulty  of  getting  it 
over  3. percent.  We  have  had  it  over  3^  percent,  but  still  we 
nearly  lost  one  roof  in  the  process. 

Regarding  the  roof  cooling  rings,  many  of  you  know  of  the 
necessity  of  keeping  the  roof  brick  in  good  condition,  as  the  gases 
escape  there  and  it  is  hard  to  keep  those  brick  from  melting. 
Roof  coolers  have  been  used  for  many  years ;  at  first  they  were 
flanged,  and  where  the  water  circulated  the  brick  were  cool,  but 
at  the  flange  the  cooling  effect  on  the  roof  was  not  appreciable. 
Later  we  have  been  using  coolers  where  the  water  is  conducted 
to  every  portion  of  the  cooler,  so  that  the  total  surface  is  cooled 
at  every  point,  and  we  have  been  able  to  get  ten  days'  more  life 
out  of  our  roofing.     The  last  roof  we  had  gave  about  260  heats. 

President  C.  G.  Fink^  :  Of  course  the  secret  of  success  of 
pig  iron  as  made  in  the  electric  furnace,  as  compared  with  the 
old  process,  is  cheap  power.  Mr.  Turnbull  has  referred  to  water 
power  in  Canada.  The  Department  of  the  Interior  of  Canada 
has  submitted  to  us  a  brochure  on  the  water  powers  of  Canada, 
and  any  member  wishing  a  copy  can  secure  it  from  the  Depart- 
ment of  the  Interior,  by  addressing  Hon.  W.  J.  Roach,  Minister, 
Ottawa,  Canada. 

J.  A.  Mathews-  :  I  have  had  no  experience  in  the  manufac- 
ture of  pig  iron,  but  one  thing  occurred  to  me  in  reading  Mr. 
Turnbull's  paper,  in  reference  to  the  raw  material  he  proposes 
to  use.  Why  does  he  put  those  turnings  back  into  pig  iron  to  be 
re-made  into  steel? 

R.  Turnbull:  There  are  two  replies  to  that  question.  One 
is  that  in  Canada  at  present  we  have  a  serious  shortage  of  low- 
phosphorus  pig  iron.  We  have  in  Canada  about  twenty  acid  open- 
hearths,  varying  in  capacity  from  15  to  35  tons.  It  has  been  very 
hard  to  get  low-phosphorus  pig  iron  from  the  States ;  and  it  will 
be  harder  in  future.  We  are  obliged  to  show  that  any  iron  se- 
cured is  going  to  be  used  for  war  purposes,  and  unless  this  can 
be  shown,  the  entire  importation  will  be  shut  out.  If  shut  out, 
we  can  only  get  low-phosphorus  pig  iron  by  this  process.  The 
blast  furnace  men  in  the  U.  S.  A.  have  been  using  5,000  tons  of 

'  Director  of  Research,  Chile  Exploration   Co.,  New  York  City. 
*  Manager,  Holcomb  Steel  Co.,  Syracuse,  N.  Y. 
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onr  shell  turnings  per  month,  and  we  are  obliged  to  give  them 
that  to  get  the  other  in  return.  Under  present  conditions  we  get 
a  good  return,  using  our  process,  for  the  money  invested. 

Lawrence  Addicks^:  Regarding  the  failure  of  roof  rings  on 
copper  reverberatory  furnaces,  we  have  been  putting  alternate 
thick  and  thin  rings ;  the  thin  rings  allow  radiation  and  the  thick 
rings  hold  the  furnaces  together.  I  believe  they  have  gotten 
three  or  four  times  the  life  out  of  them  compared  with  where 
they  were  uniform.  Those  are  wide  furnaces,  thirteen  or  four- 
teen feet  wide. 

E.  F.  Cone*  :  I  want  to  ask  Mr.  Turnbull  if  any  of  the  iron 
has  been  tested  physically,  in  the  shape  of  castings  or  as  test  bars. 
I  have  seen  tests  of  such  iron  from  bars  one  inch  square,  which, 
from  the  average  of  a  series  of  tests  made  at  Columbia  Univer- 
sity, showed  a  tensile  strength  of  45,000  lb.  per  square  inch  with 
the  modulus  of  rupture  at  25,000  lb.  This  is  double  the  value 
of  ordinary  gray  iron.  I  understand  the  structure  is  quite  differ- 
ent from  that  of  low-phosphorus  blast  furnace  iron. 

I  am  interested  in  his  statement  that  the  kilowatt-hour  con- 
sumption in  his  practice  is  700.  The  claim  has  been  made  to 
me,  that  such  iron  could  be  made  with  a  consumption  of  300  to 
500  kw.  hr.  per  ton.  I  very  much  doubt  the  300  figure.  I  was 
interested  to  note  that  it  was  700  in  Mr.  Turnbull's  case. 

R.  Turnbull:  We  have  seen  only  those  tests  which  the  steel 
companies  have  been  getting  from  our  metal.  It  is  very  hard  to 
break  under  the  hammer ;  it  is  much  tougher  than  blast-furnace 
iron. 

Regarding  power  consumption,  I  have  not  taken  it  on  separate 
heats.  I  do  not  think  we  could  get  down  to  300.  I  believe  we 
could  get  500.  That  is  not  measuring  on  the  peak.  If  it  were 
done  at  500,  on  integrated  power,  it  would  be  good  practice. 

J.  A.  Mathews  :  I  do  not  quite  yet  follow  the  reason  for  Can- 
ada converting  scrap  into  good  low-phosphorus  pig  iron,  or  why 
they  would  not  be  better  off  if  they  converted  all  of  their  turn- 
ings directly  into  electric  steel  for  munitions,  rather  than  pass  it 
back  through  pig  iron  to  be  returned  to  the  open-hearth  furnaces. 

•  Consulting  Electrometallurgist,  New  York  City. 

*  Associate  Editor  of  Iron  Age. 
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R.  TuRNBULiv :  Dr.  Mathews  knows  what  it  would  be  to  turn 
the  acid  open-hearth  furnaces  to  basic.  I  think  the  conditions 
of  basic  practice  are  bad  enough  without  putting  on  more  basic 
furnaces  when  material  for  basic  lining  is  so  scarce.  We  have 
to  turn  out  every  ton  of  steel  we  can  produce.  I  do  not  think  I 
could  advocate  his  scheme. 

F.  A.  J.  FitzGerald^  :  Mr.  Turnbull  spoke  of  the  importance 
of  electrode  cost.  Can  any  figures  be  given  of  the  electrode  con- 
sumption per  ton  of  pig  iron  ? 

R.  Turnbull:  About  45  to  46  pounds. 

H.  E.  Randall®:  Answering  the  question  as  to  why  electric 
furnace  plants  are  started  to  manufacture  cast  iron,  rather  than 
steel,  I  would  say  that  the  answer  is  that  it  requires  a  much 
smaller  capital  expenditure  for  a  given  net  return,  and  thus  one 
gets  his  money  back  much  faster  by  manufacturing  cast  iron, 
rather  than  manufacturing  steel  from  scrap. 

With  respect  to  Mr.  TurnbuU's  statement  about  power,  I  can- 
not let  it  go  unchallenged.  He  confuses  the  whole  of  Canada 
with  the  Province  of  Ontario.  In  Quebec  Province  we  are  well 
able  to  supply  power,  and,  on  a  long  term  basis,  the  price  would 
be  somewhere  around  60  to  75  percent  of  his  figures. 

E.  F.  Cone'^  :  I  intended  to  ask  Mr.  Turnbull  what  the  per- 
centage of  combined  carbon  in  the  pig  iron  is,  as  he  makes  it? 

R.  Turnbull:  I  think  the  combined  carbon  is  about  1.6. 
Owing  to  the  low  carbon  the  grain  is  very  small  as  compared 
with  ordinary  3^  percent  carbon  iron. 

Mr.  Turnbull  (Communicated)  :  I  find  I  misunderstood  Dr. 
Mathews'  second  question,  as  my  answer  does  not  correspond  to 
the  question  as  put.  I  mentioned  in  answer  to  Dr.  Mathews'  first 
question  that  we  had  in  Canada  about  20  open-hearths  operating 
on  the  acid  principle,  which  it  would  be  safe  to  say  would  pro- 
duce at  least  1,500  tons  per  day  of  steel.  The  quantity  is  in 
reality  much  greater,  as  there  are  more  acid  open-hearths  than 
the  figure  given  above.  About  10  percent  of  Bessemer  iron  and 
10  percent  of  low-phosphorus  iron  is  used  in  the  charge  for  these 

°  FitzC.erald   Laboratories,    Xigjjara   Falls,   N.   Y. 

'  Tlie   Shawinigan   Water   and    Power   Co.,   Montreal,   Canada. 
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furnaces,  which,  taking  1,500  tons  as  the  production,  means  150 
tons  of  low-phosphorus  iron  per  day.  To  produce  this  latter 
would  require  at  the  most  5,000  kilowatts.  But  were  the  total 
1,500  tons  converted  direct  into  steel  in  electric  furnaces,  50,000 
kilowatts  would  be  required  for  this  purpose,  which  aside  from 
the  question  of  the  shortage  of  power,  would  mean  an  invest- 
ment of  probably  three  millions  of  dollars  in  plant.  On  the  other 
hand,  it  would  be  necessary  to  close  down  all  the  acid  open-hearth 
furnaces,  which  would  ruin  that  industry.  Today  (February  22, 
1918)  there  is  not  one  pound  of  low-phosphorus  pig  iron  being 
imported  from  the  States,  and  these  acid  open-hearth  furnaces 
are  absolutely  dependent  on  the  pig  iron  made  from  shell  turn- 
ings, to  continue  operating. 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917,  President  Fink   in   the   Chair. 


THE  ELECTRIC  FURNACE  IN  THE  DEVELOPMENT  OF  THE 
NORWEGIAN  IRON  INDUSTRY 

By  Haakon  Styri.* 

[Abstract.] 

The  development  of  the  Norwegian  iron  industry  is  briefly  re- 
viewed, followed  by  a  detailed  account  of  the  introduction  of 
electric  steel  furnaces  and  electric  pig  iron  furnaces.  The  effect 
of  present  abnormal  war  conditions  on  the  expansion  and  future 
of  the  industry  is  discussed  and  the  commercial  relations  re- 
garding supply  of  ore,  fuel  and  steel  scrap  are  elaborated.  The 
development  of  casting,  rolling,  and  other  manufacturing  plants 
is  outlined ;  also  the  conditions  controlling  the  present  investment 
of  capital  in  these  industries.  Regret  is  expressed  that  the  Gov- 
ernment is  favoring  non-electric  plants,  while  private  capital  is 
more  inclined  to  the  development  of  electric  methods. 


At  the  end  of  the  sixteenth  and  the  beginning  of  the  seven- 
teenth centuries,  Norway  had  a  comparatively  well-established 
iron  industry,  which,  after  a  declining  period  in  the  hard  years 
of  war  following  1800,  again  revived  and  flourished  until  the 
middle  of  the  last  century.  Eighteen  iron  works  were  in  opera- 
tion, and  many  prominent  families  made  fortunes  at  that  time. 
It  is  probable  that  from  the  same  period  originated  the  name 
"Norway  Iron"  for  high-quality  wrought  iron. 

With  the  common  use  of  coal  and  coke  in  the  iron  works,  and 
with  constantly  increasing  demands  for  wood  for  lumber,  pulp, 
and  cellulose,  the  competition  for  our  charcoal  became  severe, 
and  a  constant  decline  in  the  iron  industry  followed,  until,  at  the 

*  Metallurgist,  Hussey-Binns  Steel  Co.,  Charleroi,  Pa. 
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end  of  the  century,  only  one  charcoal  furnace,  at  Naes,  was  in 
operation,  utilizing  its  product  for  crucible  steel. 

A  turning  in  the  tide  again  seemed  to  come  with  the  steel- 
casting  industry.  An  acid  open-hearth,  heated  with  gener- 
ator gas,  was  built  at  Kristiania  Staalverk,  and  a  Tropenas  con- 
verter with  cupola  outfit  at  Strommen  Staalverk.  A  third  plant 
made  a  good  profit  by  welding  together  plate  scrap  to  billets, 
which  were  rolled  and  forged. 

The  application  of  electric  energy  in  iron  and  steel  making  gave 
a  new  impulse  to  the  iron  works,  supported  probably  by  the  com- 
petition between  owners  of  water  falls  who  wanted  to  find  some 
use  for  their  power. 

Jossingf  jord  Manufacturing  Company,  in  1909,  built  an  induc- 
tion furnace  of  the  Hiorth  type,'^  and  produced  some  excellent 
steel  from  high-grade  raw  material,  but  without  commercial  suc- 
cess. This  was  the  only  Hiorth  furnace  in  operation  until  recently, 
when,  it  is  said,  another  furnace  was  built  by  Kvserner  Bruk. 

More  interest  centered  in  the  electric  production  of  pig  iron, 
after  the  promising  reports  from  the  operation  of  the  "Electro- 
metall"  shaft  furnace  at  Domnarfvet  and  Trollhattan.  The  Elec- 
trometallurgical  Committee,  appointed  by  the  Norwegian  Govern- 
ment in  1907,  reported  favorably  on  the  prospects,  and  with 
nation-wide  support,  the  concern,  Hardanger  Jernverk,  was 
formed  at  Tysaa. 

The  type  of  furnace  adopted  here  was  the  "Electrometall,"  but 
with  modifications  in  design,  which,  after  the  few  experiments  in 
Trollhattan,  were  considered  necessary  when  coke  was  used  for 
reduction.  One  furnace  was  built  and  put  in  operation  in  1911, 
and  another  built  before  results  from  the  first  were  obtained. 
The  operation  was  not  successful.  The  charge  had  a  strong 
tendency  to  hang,  caused  partly  by  the  narrow  neck,  and,  partly 
as  later  investigations  have  indicated,  by  the  limestone,  which  fell 
into  powder  when  burned,  and  by  the  precipitation  of  carbon  in 
the  briquettes,  causing  many  of  these  which  were  of  a  loose  struc- 
ture to  burst. 

After  some  time  it  was  also  found  that  the  electric  arrangement 
was  bad.     The  voltage  range,  from  50  to  78,  was  not  sufficient. 

'Trans.   Am.   Electrochem.    Soc,    20,   293    (1911). 
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At  times,  a  higher  voltage  was  necessary  to  increase  the  energy 
consumed,  particularly  after  setting  of  a  cold  charge  in  the  fur- 
nace. The  leads  to  the  furnace  and  connections  to  the  electrodes 
were  so  arranged  that  a  power  factor  of  only  60  percent  was 
obtained.  This  was,  however,  improved  upon  in  the  second  fur- 
nace, which  gave  a  better  power  factor,  but,  on  account  of  the 
cost,  the  transformers  and  voltage  regulation  could  not  be 
changed.  On  the  average,  therefore,  only  part  of  the  rated  load 
could  be  held.  As  a  result,  the  charge  went  cold,  the  tapping  was 
often  difficult,  and  the  product  was  not  uniform.  To  improve 
the  running,  gas  circulation  was  abandoned,  with  an  increase  in 
the  electric  energy-  and  coke-consume. 

In  the  charge,  it  was  intended  partly  to  use  ore  concentrates, 
which  were  roasted  and  agglomerated  in  a  Peterson  roasting  fur- 
nace before  charging.  The  roasting  was  good  but  the  agglomera- 
tion very  poor.  More  expensive  lump  ore  had  to  be  provided. 
Freights  increased ;  coke  increased  in  price,  and  was  probably 
not  of  right  quality.  After  a  year  of  unsuccessful  operation,  the 
plant  was  closed  down.  The  capital  invested  was  not  large 
enough  to  overcome  the  pioneering  difficulties.  Of  course,  this 
does  not  prove  that  coke  cannot  be  used  in  the  Electrometall  fur- 
nace, and  it  is  said  that  in  later  tests  in  one  of  the  larger  new 
furnaces  in  Sweden,  where  coke  alone  was  used  for  reduction, 
satisfactory  results  were  obtained.  Some  recently  published  re- 
ports, however,  indicate  that  reduction  with  coke  was  tried  in  the 
Helfenstein  furnace  in  Domnarfvet,  where  the  energy  consumed 
was  2,600  to  2,700  kw.-hrs.,  and  the  coke  consumed  310  to  330 
kg.  per  ton  of  pig.  From  the  same  source,  we  are  informed  that 
a  Helfenstein  furnace  is  in  course  of  construction  somewhere  in 
Norway.  Time  will  tell  whether  or  not  sufficient  tests  have  been 
made  to  justify  this  new  construction. 

Before  the  Hardanger  Jernverk  started  operation,  experiments 
were  made  from  January  1,  1910,  at  Notodden,  with  the  500  kw. 
furnace  of  the  Bie-Lorentzen  and  Tinfos  Paper-Fabric.  After 
quite  successful  trials  with  coke  as  reduction  material,  the  Tinfos 
Jernverk  was  formed,  which  built  three  1,200-kw.  furnaces  of  the 
single-phase  type,  with  bottom  electrode,  rectangular  chamber, 
and  two  charging  stacks. 
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Work  Started  in  1912.  In  the  beginning  many  difficulties  had 
to  be  overcome,  partly  on  account  of  poor  electrodes  and  bad 
castings  for  water-cooled  collars.  Many  furnace  details  had  to 
be  changed,  and  the  correct  way  of  mixing  and  charging  the 
material  at  hand  had  to  be  found,  also  most  careful  attention  had 
to  be  paid  to  the  physical  properties  of  the  coke.  The  product 
at  first  varied  considerably  in  quality,  but  now  the  furnaces  oper- 
ate very  regularly.  White  and  grey  pig  iron  of  high  quality  can 
be  produced  at  will,  competing  with  charcoal  iron.  It  may  be  of 
interest  to  note  that  most  of  the  manganese  in  the  ore  is  reduced. 

The  design  of  the  furnace  makes  a  utilization  of  the  furnace 
gases  mechanically  difficult,  and  no  attempt  has  been  made  to  do 
so,  neither  is  gas  circulation  vised.  From  data  published,  the 
energy  consumed  per  ton  is  2,700  kw.  hrs.  for  white  pig  and  3,000 
kw.  hrs.  for  grey  pig,  with  44  percent  iron  in  the  ore. 

The  Tinfos  Jernverk  has  had  a  very  successful  period  since  the 
war  started,  and  particularly  since  the  demand  for  high-grade 
pig  increased.  It  was  practically  the  only  domestic  plant  which 
could  furnish  a  small  part  of  the  pig  iron  that  was  formerly  im- 
ported from  Sweden,  Germany  and  England,  and  has  thus  mate- 
rially helped  in  keeping  the  mechanical  industries  of  Norway 
going. 

A  Tinfos  furnace  has  also  been  built  at  Ulefos,  using  phosphoric 
ore  from  the  Faehn  deposits.  Foundry  iron  is  produced,  which 
is  remelted  in  a  Rennerfelt  furnace  and  then  run  into  stove 
castings. 

None  of  these  plants  have,  until  now,  tried  to  convert  the  elec- 
tric pig  iron  into  steel ;  but  electric  steel  making  in  the  country 
has  developed  along  the  same  lines  as  in  other  countries  where 
electric  furnaces  have  been  adopted. 

The  most  important  concern,  melting  and  refining  scrap  for 
tool  steel  and  steel  castings,  is  the  Stavanger-Staalverk,  which 
started  operation  in  1913.  The  scrap  is  melted  in  an  open-hearth 
furnace,  and  refined  in  a  5-ton  Roechling-Rodenhauser  single- 
phase  induction  furnace.  This  plant  has  gradually  improved 
its  product,  and  now  has  a  very  good  reputation  for  hammered 
bars  and  steel  castings.  The  plant  has  been  very  prosperous 
during  the  last  two  years,  and  recently  increased  its  invested  capi- 
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tal  to  $1,000,000,  in  order  to  allow  installation  of  more  electric 
furnaces,  a  bar  mill  and  electric  annealing  furnaces.  It  is  also 
said  to  have  discontinued  the  operation  of  its  open-hearth  for 
melting  down  the  scrap,  on  account  of  the  present  prohibitive 
prices  of  coal. 

A  number  of  other  small  electric-furnace  installations  have 
been  formed  on  account  of  the  wartime  profits  in  steel  castings 
and  special  steels.  A  small  Roechling-Rodenhausef  furnace  at 
Eureka,  Kristiania,  makes  acid-resisting  steel;  at  Hamar,  Houg- 
sund,  and  Drammen,  cast  steel  is  made  in  Rennerfelt  furnaces, 
and  at  Kongsberg  and  Naes  tool  steel  is  made  in  the  same  type 
of  furnace. 

It  will  be  noted  that  most  of  the  electric  furnaces  built  in  Nor- 
way are  of  the  Rennerfelt  type.  The  reason  for  this  is  that  it 
is  difficult  to  get  material  from  countries  other  than  Sweden,  and 
the  furnace  is  very  well  adapted  to  the  remelting  of  scrap  for 
cast  steel  in  small  quantities. 

There  is  very  little  in  the  feature  claimed  as  specific  to  this 
furnace,  vie,  that  the  arrangement  of  electrodes  serves  to  throw 
the  arc  against  the  bath.  Anyone  will  tind  that  an  arc  will  play 
against  the  molten  charge  when,  with  single-  or  poly-phase  cur- 
rent, the  electrodes  are  placed  at  an  angle  to  the  charge.  The 
arc  will  follow  the  path  of  least  resistance,  that  is,  where  the 
gases  are  hottest  between  the  electrode-ends  and  the  bath.  When 
starting  to  melt  down  cold  scrap,  the  arc  is  not  more  steady  than 
it  is,  for  instance,  in  a  3-phase  Heroult  furnace,  because  of  the 
cooling  of  the  air  from  the  charge  with  the  consequently  unsteady 
air  currents.  The  lining  is  very  much  exposed  to  radiant  heat, 
and  the  uneven  heating  of  it  has  been  the  result  of  faulty  shape 
of  the  furnace  body,  which  has  been  improved  in  recent  designs, 
approximating  the  well-known  Stassano  furnace. 

The  Heroult  furnace  is  not,  at  present,  in  use  in  Norway  for 
steel  making,  but  it  will  probably  be  seriously  considered  by  a 
new  larger  concern.  The  excellent  shape  of  the  furnace  body, 
v/hich  facilitates  repair,  and  the  simple  arrangement  of  electrodes, 
are  of  great  advantage.  Many  details  in  the  furnaces  built  by 
the  U.  S.  Steel  Corporation  could  certainly  be  improved  upon. 
There  ought  to  be  sufficient  room  under  the  electrodes  for  me- 
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chanical  charging,  an  essential  point  in  the  economy  of  operation. 
In  a  larger  plant  the  electrodes  should  be  arranged  on  the  side, 
to  allow  a  continuous  charging  platform  for  a  battery  of  fur- 
naces. Attention  should  also  be  given  to  the  possibility  of  the 
freezing  of  the  water  in  cold  weather.  All  pipes,  therefore, 
should  be  easy  to  drain.  The  device  for  lifting  the  doors,  and 
the  manner  of  tightening  them  should  be  improved. 

Much  of  the  successful  operation  of  the  furnace  depends  on 
the  kind  of  scrap  that  is  used.  To  avoid  losing  time  in  melting, 
the  complete  charge  should  go  into  the  furnace  from  the  start, 
and  it  is  very  important  that  the  smelter  pay  attention  to  his 
lining  when  charging,  as  he  can  protect  or  cut  the  lining  accord- 
ing to  the  way  different  material  is  placed. 

In  larger  furnaces,  from  16  to  20  tons,  graphite  electrodes  are 
probably  better  than  carbon  electrodes,  because  it  is  difficult  to 
handle  the  large-sized  carbon  electrodes,  particularly  when  they 
break  off  in  the  furnace  during  operation.  Besides,  if  private 
information  is  correct,  they  are  more  economical  in  use,  at  least 
when  applied  on  molten  charge. 

The  refining  facilities  in  the  Heroult  furnace  are  very  good. 
There  is  no  difficulty  in  getting  an  oxidizing  slag.  The  reducing 
action  of  the  electrodes  will  not  overbalance  the  oxidizing  in- 
fluence of  the  incoming  air,  which  effect  can  be  increased  by  roll 
scale  and  ore.  When  making  high-carbon  steel,  in  particular,  it 
is  of  advantage  to  dephosphorize  at  the  lowest  possible  tempera- 
ture, in  order  to  enable  the  greater  part  of  the  carbon  to  remain. 
In  the  preliminary  testing,  the  manganese  content  will  indicate 
the  amount  of  phosphorus,  when  the  content  of  both  in  the  mate- 
rial charged  is  known.  For  desulphurization  the  furnace  is  ideal, 
because  the  slag  can  so  easily  be  kept  reducing  by  throwing  in 
coke  or  coal,  and,  if  necessary,  ferro-silicon,  whereas  the  tem- 
perature of  the  slag  can  be  kept  high. 

A  common  disadvantage  in  the  arc  furnaces  is  that  so  much 
smoke  is  developed,  which,  in  some  places,  has  even  resulted  in 
strikes  by  the  workmen.  This  fault  is  not  shared  by  the  induction 
furnace. 

As  to  the  facilities  for  refining  steel  in  the  induction  furnace, 
the  elimination  of  phosphorus  is  easy,  and  the  elimination  of  sul- 
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phur  can  also  be  done  well,  but  the  metallurgical  conditions  for 
the  latter  are  not  as  good  as  they  are  in  the  arc  furnace. 

The  low  power  factor  in  induction  furnaces,  which  necessi- 
tates a  low  frequency  when  the  synchronous  condenser  is  not  used, 
has,  in  other  countries  than  Germany,  hampered  their  common 
use,  at  least  where  power  must  be  taken  from  an  outside  source. 
Where  the  power  plant  is  constructed  entirely  for  a  steel  plant, 
much  of  the  self-induction  can  be  taken  care  of  by  over-exciting 
the  field  of  the  generator,  as  has  been  stated  in  the  Transactions 
of  this  Society  by  Strong  and  FitzGerald.  Roechling-Rodenhau- 
ser  tried  to  increase  the  power  factor  by  introducing  secondary 
pole  plates  in  the  furnace,  but,  in  some  places,  at  least,  these  were 
abandoned  because  they  were  more  of  a  nuisance  than  a  benefit. 
The  Roechling-Rodenhauser  3-phase  furnace,  with  three  heating 
channels,  has  not  been  successful.  It  seems  better  to  apply  the 
3-phase  current  in  Scott  connection  in  a  2-channel  furnace,  which 
gives  the  simplest  melting  hearth. 

Where  furnace  installations  are  contemplated,  the  choice  of 
furnace  type  will,  to  a  great  extent,  depend  more  upon  the  cost 
of  installation  and  royalty  than  upon  the  kind  of  work  that  is  to 
be  done  and  the  ease  of  operation.  It  is  well  to  remember,  in 
this  connection,  that  the  first  and  principal  Heroult  patents  have 
now  expired. 


In  late  years,  in  Norway,  there  has  been  a  great  desire  to  get 
iron  and  steel  works  which  could  produce  shapes,  plates,  and 
other  commercial  steel  in  order  that  the  country  might  be  more 
independent  of  imports.  During  the  present  war  this  need  has 
been  bitterly  felt,  as  it  is  extremely  difficult  to  get  commercial 
steel  from  the  belligerent  countries,  which  formerly  furnished  it 
all.  Many  private  corporations  have  investigated  the  possibili- 
ties of  starting  a  modern  steel  plant,  and  much  capital  was  ex- 
pected to  back  the  plans  if  they  could  be  satisfactorily  worked 
out,  but  the  present  soaring  prices  of  all  new  construction  has 
put  a  stop  to  further  important  development.  Another  reason 
for  little  progress  in  the  plans  was  the  difficulty  in  working  the 
different  local  interests  together  into  a  national  interest,  and  the 
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intervening  of  the  Government  has  not  improved  the  conditions. 
It  is  of  importance,  however,  that  Government  interest  in  the 
development  has  been  created.  The  immediate  result  of  this  is 
that,  as  a  strictly  war  measure,  a  premium  on  the  production  has 
been  granted  to  Kristiania  Spikerverk  for  building  a  second  open- 
hearth  furnace  and  a  small  bar  mill,  and  the  extra  funds  neces- 
sary to  build  a  new  cupola  and  Tropenas  converter  has  been 
voted  to  Strommen  Staalverk.  It  is  rather  discouraging  for 
people  interested  in  the  electric  iron  industry  in  Norway  to  find 
that  the  Government  considers  it  more  opportune,  economically, 
to  support  open-hearth  and  Tropenas  converting  and  not  electric 
steel  melting,  when  private  interests  find  it  best  to  work  along 
the  latter  line ;  but  the  reason  is  probably  that,  in  the  present 
emergency,  it  is  easier  to  get  building  material  for  open-hearth 
furnaces  and  converters,  and  wood  and  charcoal  can  be  substi- 
tuted for  coal  and  coke. 

A  survey  of •  the  possibilities  of  the  future  development  of  the 
iron  industry  in  Norway  may  be  of  interest. 

The  country  is  long  and  narrow,  mountainous,  and  cut  by  many 
fjords.  It  takes  a  12-knot  steamer  about  six  days  to  go  around 
the  coast  from  Kristiania  to  the  Russian  border. 

The  only  coal  deposit  is  on  iVudoen,  one  day's  voyage  from  the 
Russian  border,  and  it  is  of  no  practical  interest.  The  coal  de- 
posits on  Spitzbergen,  which  is  a  two  days'  voyage  north  of 
Norway,  are  mostly  owned  by  Norwegians,  and  are  calculated  to 
produce  400,000  tons  annually  from  the  year  1920,  which  produc- 
tion probably  can  be  increased  to  800,000.  The  Spitzbergen  coal 
is  excellent  steam  coal,  but  not  well  suited  for  coking.  As  the 
yearly  import  in  Norway  of  coke  and  coal  is  3,000,000  tons,  it 
will  be  seen  that  the  supply  and  price  depend  entirely  on  England, 
Belgium  and  Germany. 

The  main  ore  deposits  are  all  in  the  northern  part  of  the  coun- 
try, and  the  most  important  ones  are  low  grade,  with  30  to  35 
percent  iron.  Only  a  few  small  deposits  can  furnish  50  to  55 
percent  iron.  Therefore,  the  ore  is  usually  concentrated.  The 
principal  concern,  Sydvaranger,  situated  near  the  Russian  border, 
has  planned  an  export,  after  the  war,  of  900,000  tons  of  concen- 
trate a  year. 
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Next  to  Sydvaranger,  we  have  in  the  Ofoten  districc  a  number 
of  deposits,  a  few  of  which  give  50  to  55  percent  ore.  Further 
south,  two  and  one-half  days'  voyage  from  the  Russian  border, 
we  have  a  big  deposit  of  low-grade  ore  in  Dunderland,  where 
nearly  $10,000,000  was  invested  in  a  company  which  intended  to 
use  the  Edison  method  of  concentration,  but  which  proved  un- 
successful. The  reconstruction  of  the  concern,  using  other  meth- 
ods for  concentration,  has  been  tried  a  number  of  times,  but  so 
far  without  definite  results. 

Other  deposits  are  around  Trondhjemsfjord  and  Romsdals- 
f  jord,  all  low-grade  ore.  From  here  and  south  to  Kristianssand, 
the  deposits  are  of  little  commercial  value.  The  deposits  in  the 
eastern  part  of  the  country,  which,  however  small,  furnished  the 
lump  ore  for  the  many  small  charcoal  furnaces  in  operation  in  the 
middle  of  the  last  century,  are  at  present  still  important,  as  they 
supply  the  ore  for  Tinfos  and  Ulefos  Jernverk. 

North  of  Trondhjem  there  are  some  good-sized  waterfalls ; 
a  few  of  them  are  not  very  far  from  ore  deposits.  Water  power 
is  most  abundant,  however,  on  the  western  coast,  where  there  is 
little  ore.  In  the  southeast,  water  power  is  more  expensive,  and 
ore  is  scarce,  but  in  this  district,  around  the  Kristianiaf  jord,  the 
population  is  more  dense,  and  two-thirds  of  the  total  import  of 
iron  and  steel  is  consumed  there.  The  rest  of  the  imports  are, 
for  the  greater  part,  taken  by  the  west  coast,  and  only  a  little 
goes  north  of  Trondhjem. 

It  will  be  seen  that  the  conditions  do  not  look  promising  for 
the  production  of  steel  on  a  larger  scale  in  Norway. 

The  operation  of  a  coke  blast  furnace  would  demand  the  im- 
port of  lump  ore  from  Sweden,  Spain  or  North  Africa,  besides 
the  fuel  from  England,  and  the  same  would,  to  a  less  extent,  hold 
true  for  a  large  scale  production  of  electric  pig  iron. 

For  the  conversion  of  pig  iron  to  steel  there  would  be  little 
difference  in  the  cost  whether  this  was  done  in  the  open-hearth 
or  electric  furnace. 

The  freight  on  some  or  all  material  used  would  increase  the 
final  cost  considerably. 

The  conditions  are  no  better,  when  we  remember  that  Norway 
10 


138  HAAKON  STYRI. 

and  England  are  the  only  iron-producing  countries  which  have 
no  duty  on  imported  iron. 

Better  economical  success  could  apparently,  at  least  before  the 
war,  be  expected  for  a  concern  remelting  scrap  in  electric  fur- 
naces, as  the  scrap  was  considerably  lower  in  price  than  pig.  The 
basic  open-hearth  would  certainly  melt  the  scrap  somewhat 
cheaper  than  the  electric  furnace,  but  when  the  capacity  of  the 
latter  is  increased  it  is  probable  that  the  steel  from  an  electric 
furnace  using  cold  scrap  would  not  cost  more  than  $1.00  to  $2.00 
per  ton  more  than  the  open-hearth  steel,  when  the  same  quantity 
is  produced,  and  the  better  quality  of  the  electric  steel  would 
balance  the  difference.  Increasing  coal  prices  would  improve  the 
prospects  for  the  electric- furnace  melting.  The  difficulty  would 
be  to  get  the  scrap.  The  total  annual  import  of  steel  into  Nor- 
way is  about  200,000  tons,  from  which  12  to  15  percent  is  returned 
as  scrap.  The  scrap  from  all  parts  of  the  country  would  there- 
fore not  amount  to  more  than  30,000  tons,  and  most  of  this  is 
already  disposed  of  by  the  plants  in  operation.  A  large  concern 
must,  therefore,  depend  entirely  on  the  supply  of  scrap  from 
neighboring  countries,  with  additional  freight  expense  and  at 
prices  in  competition  with  the  foreign  buyers. 

The  prospects  can,  of  course,  change.  It  is  possible  that  con- 
centrate can  be  used  direct  in  an  electric  reduction  furnace,  at 
least  where  little  attempt  is  made  to  utilize  carbon  monoxide  in 
the  reduction  of  the  ore,  by  using  the  gas  instead  for  heating  pig- 
iron  mixers,  where  the  main  decarbonizing  could  be  done,  for 
melting  of  scrap,  and  for  heating  of  by-product  coke  ovens.  The 
gas  from  the  coke  ovens  could  be  sold  to  the  city.  The  steel  prod- 
uct could  be  finished  in  an  induction  or  arc  furnace. 

Another  method  is  now  on  trial,  basing  the  operation  on  the 
direct  use  of  low-grade  ore  by  the  Edwin-Westberg-Grondal  pro- 
cess. Interested  Norwegians  and  Swedes  have  secured  $150,000 
for  the  purpose  of  testing  the  method  on  a  commercial  scale.  The 
low-grade  ore  is  crushed  according  to  the  structure,  and  is  treated 
in  the  furnace  with  reducing  gases  which  are  heated  outside  in  a 
high-tension  arc  furnace,  similar  to  the  one  used  for  the  manu- 
facture of  saltpeter.  The  reduced  iron  is  afterwards  separated 
magnetically  from  the  rock,  and  the  iron  powder  melted  in  an 
electric  furnace. 
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We  have  seen  that  the  successful  iron  and  steel  works  in  Nor- 
way have  based  their  prodviction  on  high  quality  of  product.  The 
manufacture  of  structural  steel  is  not,  and  probably  will  not  be 
tried  in  the  near  future,  on  account  of  the  competition  from  for- 
eign countries.* 

What  Norwegians  want  and  look  forward  to  is  the  time  when 
the  country  can  again  furnish  iron  and  steel  which  comes  up  to  the 
old  standard  of  Norway  iron. 


DISCUSSION. 

J.  W.  Richards'  :  Has  there  been  any  use  in  Norway  of  the 
iron  sponge  that  was  being  made  in  Sweden  at  Hoganas? 

Haakon  Styri  :  There  have  been  made  some  tests  of  iron 
sponge  in  making  electric  steel,  with  very  good  results.  A  very 
high  quality  of  steel  was  made. 

F.  A.  J.  FitzGerald^  :  I  think  I  can  answer  Dr.  Richards' 
question  in  part :  A  few  years  ago  we  got  at  the  laboratory  two 
or  three  tons  of  sponge  iron  made  in  Sweden  and  got  some  excel- 
lent results  melting  it  down  to  make  steel  in  a  small  electric  fur- 
nace of  the  Heroult  type. 

When  I  visited  Sweden  some  years  ago  and  heard  about  the 
use  of  iron  sponge  there,  I  was  told  that  the  losses  by  oxidation 
when  melting  down  in  open-hearth  furnaces  were  large. 

Referring  to  Mr.  Styri's  remarks  as  to  the  use  of  graphite 
electrodes  in  20-ton  electric  steel  furnaces :  Have  there  been  any 
extensive  experiments  made  with  the  use  of  amorphous  carbon 
electrodes?  In  general  I  prefer  the  use  of  amorphous  carbon 
electrods,  in  the  Heroult  steel  furnace,  to  graphite,  because  the 
loss  of  heat  by  radiation  to  and  from  the  roof  is  less  with  the 
former. 

Haakon  Styri  :  I  referred  to  some  American  practice.  In 
some  of  these  American  steel  mills  I  have  visited,  graphite  elec- 

*Kristiania  Staalverk  is  at  present  (January)  increasing  its  capital  to  $5,000,000  for 
the  building  of  a  plate  mill  (production  50.000  tons)  and  necessary  open-hearth  and 
electric  steel   furnaces,   and   possibly   later  electric   pig-iron   furnaces. 

^  Professor  of  Metallurgy,  Lehigh  University. 

'  FitzGerald  Laboratories,  Inc.,   Niagara  Falls,   N.   Y. 
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trodes  were  used  in  place  of  amorphous  carbon  electrodes.     I  A 

have  no  personal  experience  in  that  matter.  'i 

(Communicated  Nov.  20,  1917)  :    According  to  recent  infor-  { 

mation,  a  loan,  free  of  interest,  has  been  granted  by  the  Storthing  '; 

to  Hamar  Mekaniske  Versted,  to  build  an  electric  steel  plant. 

Tinfos  Jernwerk,  making  electric-furnace  pig  iron,  has  since 
the  first  of  this  year  had  serious  difficulties  in  getting  sufficient 
raw  material  for  their  operation.  The  raw  material  has  also  been 
of  very  poor  quality,  which  has  had  a  bad  effect  on  the  product. 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,   1917,  President  Fink   in   the   Chair. 


A  RESISTANCE  FURNACE 

By  Frank  Thornton,  Jr. 

[Abstract.] 

A  discussion  of  the  heating  of  furnaces  by  resistors  placed  inside 
the  furnace,  either  on  the  hearth  of  the  furnace  or  on  a  shelf 
around  the  walls.  The  scope  of  operations  suitable  to  such  fur- 
naces is  mentioned,  and  the  nature  of  the  resistor  material,  its 
purity  and  its  electrical  characteristics  are  discussed  at  length. 
Experiments  were  made  to  determine  the  suitability  of  various 
materials,  and  best  results  were  obtained  with  silicon  carbide 
blocks,  bricks  or  rods.  Satisfactory  running  with  temperatures 
up  to  1,200°  C.  was  obtained. 


The  design  of  an  electric  furnace  for  heating  steel  to  forging 
temperatures  and  for  other  metal-heating  operations  has  been 
given  a  great  deal  of  study  during  the  past  few  years.  Increases 
in  the  cost  of  all  kinds  of  fuel  and  decreases  in  the  cost  of  elec- 
tricity available  in  the  industrial  heating  applications  have  directed 
attention  to  the  possibility  of  electric  furnaces.  In  addition  to  the 
matter  of  fuel  costs,  there  is  also  to  be  considered  the  possibility 
of  increased  speed,  reduction  of  material  losses,  greater  uniform- 
ity and  higher  average  value  of  product.  It  is  not  the  intention 
here  to  discuss  the  economics  of  the  industrial  electric  heating 
furnace,  but  rather  to  communicate  the  experience  and  results 
obtained  in  a  series  of  investigations  on  this  subject. 

It  is  assumed  that  a  furnace  construction  suitable  for  heating 
steel  commercially  to  forging  temperatures,  if  successful,  will  also 
be  suitable  for  a  wide  variety  of  other  heating  applications  involv- 
ing the  same  and  lower  temperatures.  The  temperature  at  which 
the  steel  must  be  removed  from  the  heating  furnace  depends  on 
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the  type  of  forging  operation,  ranging  from  about  1,000°  C.  for 
ordinary  dressing  and  shaping  work  up  to  1,200"  C.  or  over  for 
high-speed  drop- forge  work. 

Other  applications  of  such  a  furnace  wouki  be : 
Heat  treating  steel  parts. 
Hardening  dies  and  tools. 
Tempering  dies  and  tools. 

Annealing  steel,  brass,  copper  and  other  metals. 
Heating  copper,  brass  and  other  metals  for  rolling. 
Melting  copper,  brass,  etc. 
Firing  ceramics. 
Firing  enamelled  ware. 

To  be  commercially  successful,  such  a  furnace  should  require 
only  infrequent  repairs  and  when  these  are  necessary  the  labor  and 
material  required  should  be  inexpensive.  This  means  that  the 
resistor,  refractory  materials,  and  terminals  should  show  a  low 
rate  of  deterioration  under  service.  Needless  to  say,  domestic 
materials  should  be  used  throughout  if  possible.  The  regulation 
of  the  furnace  should  be  automatic,  or  so  nearly  automatic  that 
only  very  simple  manual  operations  are  necessary  in  order  to  main- 
tain the  desired  regulation. 

For  these  purposes  it  is  necessary  to  eliminate  from  consider- 
ation at  once  all  types  of  construction  using  metallic  resistors,  on 
account  of  the  high  temperature  at  which  the  resistor  would  be 
required  to  operate.  There  are  no  low-priced  base  metals  which 
can  be  operated  continuously  with  any  degree  of  success  for 
furnace  uses  above  1,000°  C.  This  practically  limits  consideration 
to  some  form  of  non-metallic  resistor.  The  material  which  is 
naturally  suggested  first  for  consideration  is  some  form  of  carbon 
or  graphite.  Furnaces  using  this  class  of  materials  have  been 
experimented  upon  for  several  years  and  some  are  now  in  use  for 
lower  temperature  applications.  Some  information  has  been  pub- 
lished by  Dr.  Alcan  Hirsch  (Carnegie  Scholarship  Memoirs  of  the 
British  Iron  and  Steel  Institute,  1914)  and  others,  but  no  detailed 
operating  data  on  actual  installations  have  been  available.  Several 
attempts  have  been  made  under  the  writer's  directions  to  apply 
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this  construction  for  forging  work,  and  a  description  of  some  of 
this  work  may  be  of  interest.  It  was  decided  to  erect  a  furnace 
or  a  series  of  furnaces  and  determine  by  actual  test  the  design, 


Fig.  1. 


Fig.  2. 


requirements,  and  also  the  limitations  of  application  of  the  granu- 
lar carbon,  graphite,  or  coke,  bed  construction. 

Working  along  this  line,  an  experimental    furnace   was  con- 
structed as  shown  in  Figs.  1  and  2.     The  chamber  was  approxi- 
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mately  36  in.  (92  cm.)  wide  by  24  in.  (61  cm.)  deep  by  10  in. 
(25  cm.)  maximum  height  in  the  center  of  the  arch.  The  resistor 
bed  was  approximately  9  in.  (23  cm.)  wide  by  8  in.  (20  cm.)  deep, 
and  extended  across  the  hearth  about  the  middle  of  the  furnace. 
The  terminals  were  located  at  either  side  of  the  hearth  at  the  ends 
of  this  resistor  bed,  and  consisted  of  hoppers  in  the  brick  work  of 
the  furnace  which  could  be  filled  with  granulated  carbon,  graphite, 
or  other  material,  as  desired.  In  the  bottom  of  each  hopper  was 
a  solid  block  of  graphite  to  which  was  attached  a  heavy  iron  plate, 
which  extended  through  the  brick  wall  and  served  as  a  terminal 
lug  for  making  the  electrical  connection.  The  cross  section  of  this 
hopper  was  several  times  that  of  the  resistance  bed  within  the 
furnace,  and  it  was  filled  with  granular  material  of  as  low  electrical 
resistance  as  was  obtainable.  The  idea  of  this  construction  was 
to  interpose  between  the  resistance  bed  and  the  terminal  blocks  a 
mass  of  electrically  conducting  material  which  would  also  be  a 
thermal  insulator  and  thus  avoid  overheating  of  the  main  terminal 
blocks.  Instead  of  the  expensive  terminal  block  being  gradually 
burned  away,  there  would  thus  be  a  consumption  of  the  less  ex- 
pensive granular  material,  which  could  be  readily  replaced  through 
the  openings  in  the  tops  of  the  hoppers.  This  furnace  was  built 
and  tested,  and  the  performance  of  the  terminal  construction  was 
as  anticipated.  The  granular  material  in  the  hoppers  was  con- 
sumed very  slowly,  probably  at  a  rate  of  not  more  than  one  or  two 
pounds  per  day.  The  hopper  could  be  filled  to  the  top,  and  needed 
no  attention  for  several  weeks  other  than  an  occasional  tamping. 
The  resistor  material  could  be  replenished  either  through  the  door 
of  the  furnace  or  from  the  terminal  hoppers.  It  required  90  volts 
for  starting  and  30  to  40  volts  to  maintain  the  furnace  at  950°  C. 
When  pushed  in  continuous  heating  of  steel,  it  could  be  worked 
up  to  around  40  kw.  No  attempt  was  made  to  secure  measure- 
ments of  ef^ciency,  as  more  concern  was  felt  at  that  time  for 
endurance.  Attention  was  turned  to  the  performance  of  the  var- 
ious resistor  materials  and  refractories. 

Numerous  combinations  of  resistor  materials  were  tried  out  in 
the  furnace,  the  principal  arrangements  experimented  with  being 
the  following: 
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(a)  Granulated  graphite. 

(b)  Granulated  coke. 

(c)  Graphite  over  charcoal  (see  Fig.  3). 


'6raf>hite 

Chof'coal 


Fig.   3. 


(d)  Same  as  (c)  but  with  carborundum  blocks  in  the  surface 
to  aid  the  conduction  of  heat  from  the  bottom  of  the  resistor  bed. 
(See  Fig.  4.) 


Sili<on  Car  l/ide  Pfic  k 


Grophltc 
Chore  aa  I 


Fig.  4. 

(e)  Same  as  (c)  but  with  solid  graphite  wedges  in  the  surface 
to  reduce  the  electrical  resistance  of  the  upper  portion  of  the 
bed  and  aid  the  conduction  of  heat.      (Fig.  5.) 


Fig.   5. 


Several  important  conclusions  were  drawn  from  the  results  of 
the  tests  performed  on  this  furnace.  It  was  found  that  the  resistor 
material  must  be  of  purest  carbon  or  graphite.     If  there  is  any 
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slag  or  ashes  left  from  the  combustion  of  the  resistor,  it  remains 
in  the  bed,  so  that  the  relative  proportion  of  such  material  is  gradu- 
ally increased  with  time,  causing  an  increase  in  the  resistance  of 
the  furnace.  The  rapidity  with  which  this  action  takes  place  is 
dependent  upon  the  amount  of  foreign  matter  in  the  material 
which  is  added  to  the  resistor  bed,  and  the  temperature  of  the  bed. 

If  the  slag  or  ash  is  fusible  at  the  temperature  of  the  resistor 
bed,  a  clinker  will  be  formed  which  very  rapidly  extends  through- 
out the  granular  mass,  resulting  in  a  rapid  increase  in  resistance 
and  consequent  failure  to  heat.  It  was  found  that  some  such 
action  as  this  occurred  with  practically  all  materials  except  the 
very  purest  graphite,  and  that  it  was  only  a  matter  of  a  few  days 
or  at  best  only  a  few  weeks  before  it  was  necessary  to  close  down 
the  furnace  and  clean  it  out. 

It  was  also  found  that  when  the  furnace  was  maintained  at  a 
sufficiently  high  temperature  to  turn  out  steel  heated  to  1,000°  C, 
that  the  temperature  in  the  bottom  of  the  resistor  bed  exceeded 
the  safe  limit  of  the  refractory  material.  In  order  to  obtain  some 
idea  of  the  temperature  in  the  bottom  of  the  resistor  bed,  a  closed 
graphite  tube  was  inserted  horizontally  through  the  front  wall. 
The  closed  end  of  this  tube  was  directly  under  the  middle  of  the 
hearth  at  the  bottom  of  the  resistor  bed.  When  a  temperature  of 
around  1,000°  C.  was  maintained  on  the  surface  of  the  hearth  it 
was  found  that  the  temperature  at  the  bottom  was  something  over 
2,000°  C.  A  study  of  the  conditions  of  heat  generation  and  trans- 
mission in  this  design  explains  how  this  condition  is  possible. 
Carbon  has  a  negative  temperature  coefficient  and  the  current 
through  a  mass  of  any  form  of  carbon  or  graphite  would  naturally 
tend  to  concentrate  in  the  zone  of  highest  temperature,  which  is 
in  the  bottom  of  the  bed  in  this  case.  The  upper  surface  of-  the 
resistor  bed  will  naturally  be  cooler  than  the  lower  portions  of  the 
bed  because  the  furnace  chamber  is  drawing  the  heat  away  from 
it  while  the  bottom  of  the  bed  is  thoroughly  insulated.  Although 
it  would  be  possible  to  provide  a  path  for  losses  in  a  downward 
direction,  so  as  to  avoid  a  high  temperature  on  the  lower  portions 
of  the  bed,  such  an  arrangement  would  prove  very  inefficient, 
excepting  in  special  cases. 
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As  a  result  of  these  tests,  it  was  concluded  that  900°  C.  was 
about  the  hmit  of  operating  temperature  of  a  furnace  using  granu- 
lated carbon  or  graphite  as  the  resistance  material,  and  that  there 
was  little  hope  of  successfully  using  ordinary  coke  or  charcoal. 

Another  feature  which  these  tests  brought  out  was  the  impor- 
tance of  radiating  heat  equally  from  as  large  a  portion  of  the 
interior  surface  of  the  furnace  as  possible.  In  heating  steel  in 
the  ordinary  fuel-fired  furnace,  heat  is  transferred  to  the  work 
by  radiation  from  the  walls  and  by  conduction  from  the  hot  gases. 
The  walls  are  maintained  at  a  temperature  higher  than  that  desired 
on  the  work  because  they  also  are  continually  swept  by  the  hot 
gases.  In  the  electric  furnace  we  do  not  have  this  action  to  heat  all 
surfaces  uniformly.  If  heat  is  being  generated  only  on  the  floor  of 
the  hearth,  side  walls  and  roof  must  obtain  their  heat  by  direct 
radiation.  If  cold  pieces  of  metal  are  laid  closely  over  the  surface 
of  the  resistor  hearth  they  will,  of  course,  interfere  with  the 
radiation  of  heat  to  the  walls  and  roof  directly  in  proportion  to 
the  amount  of  hearth  surface  which  they  cover.  In  a  continuously 
operated  furnace  this  condition  would  prevent  the  roof  of  the 
furnace  from  ever  reaching  a  temperature  equal  to  that  of  the 
metal.  Such  a  furnace  could  only  be  operated  at  a  very  low  rate 
of  production,  which  would  mean  a  comparatively  low  efficiency. 
In  order  to  avoid  this  condition,  it  is  necessary  to  generate  heat  in 
the  roof  and  side  walls  as  well  as  on  the  floor,  maintaining  a  high 
temperature  on  all  radiating  surfaces,  so  that  heat  may  be  fed 
into  the  work  through  all  its  exposed  surfaces. 

In  order  to  prevent  excessive  temperatures  on  the  refractory 
material  it  is  also  necessary  to  design  the  resistor  in  such  manner 
as  to  reduce  the  thermal  resistance  of  the  path  between  the  interior 
and  the  exposed  surfaces.  This  may  be  accomplished  in  two  ways, 
either  by  reducing  the  thickness  of  the  bed  or  by  using  material 
which  will  have  a  higher  thermal  conductivity  at  the  working 
temperature.  It  is  not  practical  to  operate  a  thin  bed  of  granular 
graphite  on  account  of  the  rate  of  combustion  which  takes  place, 
and  of  the  danger  of  non-uniformity  of  the  resistance.  Solid 
blocks  of  graphite  or  carbon  have  better  thermal  conductivity,  but 
are  objectionable  because  of  the  combustion  which  would  un- 
doubtedly take  place  on  the  exposed  surface,  and  difficulty   of 
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repair  or  replacement  of  burned  portion  before  the  loss  became 
serious. 

In  view  of  all  of  the  difificulties  encountered  with  granular 
resistor  beds,  it  was  decided  to  investigate  the  possibility  of  using 
silicon  -carbide  blocks  or  slabs  for  the  resistance  material.  This 
material  was  known  to  resist  oxidation  up  to  an  extremely  high 
temperature,  to  possess  considerable  rigidity  and  good  heat  con- 
ductivity, and  to  be  available  in  various  moulded  shapes.  Difficulty 
was  anticipated  on  account  of  the  large  negative  temperature  co- 
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Fig.  6. 


efficient  which  tlie  material  was  known  to  possess.  This,  however, 
has  not  proven  a  serious  handicap.  In  fact,  it  is  possible  to  use 
this  negative  temperature  coefficient  characteristic  as  the  basis  for 
the  control. 

A  furnace  was  built  up  using  this  material  as  a  resistor,  but 
arranged  to  heat  from  the  roof  as  well  as  from  the  hearth.  A 
small  size  was  purposely  chosen  in  order  to  facilitate  the  con- 
struction work  and  testing.  The  general  design  of  this  furnace  is 
shown  in  the  accompanying  illustrations  (Figs.  6  and  7).  The 
resistor  was  2>^  in.  (6.3  cm.)  thick  and  the  surface  of  the  hearth 
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was  covered  with  approximately  y^  in.  (0.32  cm.)  alundum  cement, 
for  mechanical  protection.  The  surface  of  the  roof  heater  was 
not  protected  in  any  way.  It  has  been  possible  to  obtain  continuous 
operation  at  temperatures  as  high  as  1,250°  C,  without  injury  to 
any  part  of  this  furnace.  The  temperature  drop  through  the 
silicon  carbide  was  a  great  deal  less  than  that  which  had  been 
observed  through  the  granulated  resistance  bed,  and  the  danger 
of  damaging  the  lining  was  very  much  reduced. 

On  account  of   the  great  negative  temperature  coefficient  of 


Fig.  7- 


resistance,  it  is  necessary  to  provide  special  arrangements  for 
voltage  control  of  this  type  of  furnace.  The  accompanying  curves 
show  quite  distinctly  the  variations  in  furnace  resistance.  Fig.  8 
shows  the  starting  characteristics  as  the  furnace  is  heated  up  from 
cold.  A  large  number  of  voltage  steps  were  available  on  the  supply 
transformer  used  for  the  experiments,  although  it  is  not  necessary 
to  use  more  than  three  or  four  steps  in  regular  practice.  It  can  be 
seen  that  the  current  rose  gradually  during  the  first  40  minutes 
until  350  amperes  was  reached,  at  which  point  the  voltage  was 
reduced  to  43.5  volts.    From  this  point  the  voltage  was  gradually 
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reduced  in  small  steps  down  to  25  volts  at  the  end  of  two  hours 
and  40  minutes.  At  this  time  the  furnace  had  reached  a  tempera- 
ture of  approximately  1,100°  C,  and  was  ready  for  operation. 
It  was  permitted  to  remain  on  25  volts  over  night  and  the  next 
morning  the  current  had  dropped  to  approximately  250  amperes. 
Fig.  9  shows  the  second  test  performance  when  the  furnace  was 
used  for  heating  steel  tools  for  forging.  This  work  was  carried 
on  for  a  period  of  two  hours  in  the  morning  and  three  hours  in 
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the  afternoon.  It  M-ill  be  noticed  that  very  little  change  was 
needed  in  the  voltage  to  maintain  working  conditions.  This  par- 
ticular operation  was  in  the  nature  of  a  prehminary  test  and  no 
eiTort  was  made  to  speed  up  production. 

From  the  preceding  curves  it  can  be  seen  that  an  operating 
voltage  range  of  plus  and  minus  20  percent  from  the  average 
should  be  sufficient  to  take  care  of  all  conditions.  This  should 
be  available  in  several  steps.  The  apparatus  should  operate  auto- 
matically, and  should  maintain  approximately  a  constant  current. 
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In  this  way  approximately  constant  temperature  will  be  main- 
tained, as  the  resistance  of  the  furnace  itself  is  serving  as  the 
operating  element  of  the  thermostat. 

This  regulation  can  also  be  obtained  by  using  a  voltage  regulator 
operated  by  a  constant  current  relay.  It  is  probable  that  this 
arrangement  would  maintain  the  current  more  nearly  constant, 
but  it  would  be  slightly  more  expensive  and  would  probably  not 
present  any  decided  advantages  over  a  step-by-step  control. 

Starting  voltage  must  be  from  two  to  three  times  the  normal 
operating  voltage.  The  circuit  should  be  provided  with  current- 
limiting  relays  or  circuit  breakers,  so  that  the  furnace  current  will 
not  exceed  the  safe  maximum  at  any  time.  This  is  a  safeguard 
against  excessively  rapid  heating  up  from  cold.     If  the  initial 
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heating  takes  place  at  too  high  a  rate,  there  is  danger  of  concentra- 
tion of  current  through  the  centers  of  the  resistors  which  might 
carry  the  temperature  up  so  rapidly  as  to  injure  the  material  before 
the  temperature  on  the  surfaces  and  in  the  furnace  chamber  had 
come  up  to  the  proper  value. 

A  further  test  of  this  construction  has  been  carried  out  in  the 
large  furnace  first  mentioned.  The  granular  resistance  bed  has 
been  removed  and  replaced  by  one  built  up  of  silicon  carbide 
bricks  (Fig.  10).  This  furnace  has  been  in  use  for  experimental 
purposes  for  several  months  and  has  been  subjected  to  a  large 
number  of  heating  runs  under  severe  conditions.  Temperatures 
up  to  1,200°  C.  ha-ve  been  obtained  without  difficulty,  although  the 
distribution  of  the  heat  is  not  suitable  for  commercial  heating  for 
forging,  or  similar  operations.  This  furnace  has  been  used  with 
success  for  hardening  tools  and  dies,  and  for  firing  porcelain. 
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The  lack  of  combustion  of  the  resistor  material  results  in  there 
being  an  oxidizing  atmosphere  within  the  furnace.  A  non- 
oxidizing  atmosphere  has  been  obtained  quite  successfully,  how- 
ever, by  spreading  granulated  charcoal  or  carbon  over  the  surface 
of  the  resistor,  near  the  door,  where  it  was  burned  by  the  air 
which  entered. 

It  is  realized  that  there  are  many  problems  in  connection  with 
the   successful   commercial   application   of   this   type   of   electric 
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furnace  which  have  not  been  considered  in  this  discussion.  Prac- 
tically every  commercial  industrial  heating  application  requires 
special  study  in  order  to  insure  most  economical  operation.  Elec- 
tricity can  be  supplied  most  economically  if  the  generating  and 
distributing  equipment  is  loaded  constantly  to  its  full  capacity, 
and  electric  resistance  furnaces  will  be  most  satisfactory  forms  of 
load  if  operated  continuously.  Repeated  heating  and  cooling  is 
likely  to  cause  a  more  rapid  depreciation  of  any  furnace  than 
continuous  operation,  and  it  is  therefore  to  be  expected  that  this 
type  of  furnace  should  be  most  suitable  for  applications  which 
are  constant  and  continuous,  and  not  intermittent. 


DISCUSSION. 


President  C.  G.  Fink^  :  How  does  silicon  carbide  compare 
with  metallic  silicon  as  a  resistor? 

F.  Thornton,  Jr.  :  I  cannot  answer  that  question,  as  I  have 
not  had  any  experience  with  metallic  silicon. 

F.  A.  J.  FitzGerald^  :  If  the  question  is  not  indiscreet:  Is  the 
silicon-carbide  brick  used  in  the  furnace  made  with  some  binding 
material,  or  is  it  simply  recrystallized  silicon  carbide? 

*  Director  of  Research,  Chile  Exploration  Co.,  New  York  City. 

*  FitzGerald  Laboratories,   Niagara  Falls,  N.   Y. 
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Another  question :  After  long  use,  has  any  trouble  been  expe- 
rienced due  to  a  change  in  the  resistance  of  the  sihcon-carbide 
brick,  a  permanent  change  due  to  the  vaporization  of  the  sihcon 
and  the  consequent  formation  of  graphite  ? 

F.  Thornton,  Jr.  :  Mr.  Chairman,  as  I  understand  it,  the 
material  used  was  a  pure  silicon  carbide,  as  pure  as  was  obtain- 
able. There  was  no  binder  in  it,  except  the  slight  impurities 
which  might  have  been  in  the  silicon  carbide. 

As  to  the  second  question:  The  performance  of  the  material 
seems  to  be  limited  by  the  temperature  of  the  operation.  Fur- 
nace temperatures  up  to  1,200°  C.  do  not  affect  the  material.  But 
if  the  temperature  is  carried  beyond  that,  after  a  short  time,  it 
soon  shoAvs  up  in  the  action  mentioned. 

Horace  W.  Gillett^  :  To  me  this  is  an  extremely  exasperating 
paper. 

Fig.  6  has  no  legend,  and  you  cannot  tell  what  is  what.  In 
general  the  experiments  are  not  described  so  they  could  be  dupli- 
cated by  another  worker. 

I  wish  instead  of  giving  a  mere  outline  he  would  tell  more  of 
his  failures.  I  want  to  know,  and  to  have  on  record,  what  Mr. 
Thornton  knows ;  but  I  cannot  get  it  from  this  paper.  I  request 
that  Mr.  Thornton  be  asked  to  rewrite  this  paper  so  as  to  give 
us  some  real  information. 

I  should  like  to  know  whether  he  had  cement  between  his 
brick,  or  whether  they  were  butt  joints,  and  how  he  started  with 
55  volts.  I  always  understood  it  took  a  high  voltage  to  start  a 
cold  carborundum  resistor,  and  it  would  be  useful  to  know  the 
conditions  for  starting  at  low  voltage. 

F.  Thornton,  Jr.  :  It  is  a  little  hard  to  answer  these  ques- 
tions. There  are  many  things  about  experimental  failures  some- 
times that  one  does  not  understand  and  cannot  briefly  explain. 
I  realize  that  this  paper  does  not  go  thoroughly  into  detail,  and 
in  fact,  there  are  a  number  of  details  which,  if  they  had  been 
included,  would  have  extended  the  discussion  interminably. 

As  for  the  details  regarding  power  consumption,  watts  per 
square  inch,  and  rate  of  production,  those  are  still  matters  of 
investigation,  and  if  any  statements  were  made  they  would  be 

•  U.  S.  Bureau  of  Mines,  Ithaca,  N.  Y. 
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open  to  further  revision  later  on.  Let  us  hope  that  at  a  later  day 
the  information  mentioned  as  desirable  by  Mr.  Gillett  can  be 
given  out  authoritatively,  and  with  some  assurance  that  it  will 
not  have  to  be  corrected.  The  voltage  for  initial  heating  is  a 
matter  of  time.  It  is  true  that  carborundum  has  a  high  negative 
temperature  coefficient,  so  that  to  start  heating  takes  a  long  time 
unless  an  excessively  high  voltage  is  used ;  and  if  such  is  used, 
it  is  liable  to  cause  concentration  of  the  heat,  causing  localized 
rises  of  temperature,  and  creating  an  over-heating,  and  the  efifect 
mentioned  by  Mr.  FitzGerald  might  be  started.  Therefore,  it  is 
necessary  to  slow  down  the  initial  heating  of  any  mass  of  car- 
borundum operating  at  the  voltage  of  the  furnace  described. 


A  pafer  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917,  President  Fink   in   the   Chair. 


RESISTANCE  TYPE  FURNACE  FOR  MELTING  BRASS. 

By  T.  F.  Baily.* 

[Abstract.] 

Running  tests  are  quoted  of  an  electric  resistance  furnace  melt- 
ing bronze  and  brass,  with  mechanical  tests  of  the  cartridge  brass 
produced  and  numerous  analyses  showing  the  uniformity  of  the 
metal  at  the  beginning  and  end  of  the  cast.  The  electrical  power 
required  shows  favorable  comparison  of  melting  costs  with  cru- 
cible or  open-flame  melting  furnaces,  the  average  being  450 
K.W.H.  per  short  ton  of  bearing  bronze  (495  per  metric  ton), 
and  311  K.W.II.  per  short  ton  of  cartridge  brass  (342  per  metric 
ton). 


The  furnace  described  in  this  paper  is  of  the  non-crucible  type 
and  operates  on  the  true  resistance  principle.  A  general  descrip- 
tion of  the  furnace  is  as  follows : 

In  a  cylindrical  shell,  supported  by  the  usual  trunnions  and 
brackets  for  tilting,  is  constructed  suitable  walls  and  roof  form- 
ing the  furnace  chamber.  The  bottom  of  this  chamber  is  so 
shaped  as  to  make  a  bowl-shaped  hearth  for  containing  the  metal 
when  melted. 

The  resistance  element  is  contained  in  a  circular  trough  made 
of  a  refractory  material  similar  to  carborundum  fire  sand.  In 
this  refractory  trough  the  resistance  material,  composed  of  broken 
carbon,  is  placed,  forming  contact  with  the  electrodes  which  are 
placed  diametrically  opposite  each  other  with  their  ends  pro- 
truding into  the  circular  trough. 

The  control  of  the  current,  and  hence  of  the  furnace  tempera- 
ture and  melting  capacity,  is  by  means  of  suitable  voltage  taps 
brought  out  from  the  secondary  of  a  special  transformer  supplied 
with  each  furnace. 

*  President,    The   Electric   Furnace   Co.    of   America,    Cleveland.    Ohio. 
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Operating  Sheet. 

105  kw.  Tilting  Type  Furnace  Making  Brass  Cartridge  Case  Slabs. 
Week  of  August  6,  1917. 
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8 

776.0 

U           <( 

1.03 

423 

1    -     5 

20 

145.4 

375 

Day  Av. 

763.8 

0.85 

394 

1    -    56 

19 

146.7 

385 

9 

725.0 

69-31% 

0.55 

363 

2-0 

12 

173.1 

477 

10 

752.0 

68-32% 

0.13 

410 

1    -    50 

13 

151.8 

403 

11     , 

748.0 

«     « 

0.13 

360 

2-5 

15 

172.6 

460 

12 

730.0 

"     " 

0.00 

437 

1    -    40 

13 

143.7 

394 

13 

732.0 

(I     « 

0.27 

462 

1    -   35 

20 

103.0 

282 

Day  Av. 

737.4 

0.22 

402 

1    -    50 

14.6 

148.4 

402 

14 

732.0 

68-32% 

1.91 

0.95 

374 

1    -    58 

12 

154.1 

422 

15 

733.0 

2.04 

1.37 

449 

1    -    38 

13 

143.0 

390 

16 

747.0 

(1     « 

0.67 

0.94 

560 

1    -    20 

12 

116.6 

312 

17 

740.0 

11     11 

1.08 

1.22 

517 

1    -    26 

12 

96.4 

261 

18 

750.0 

11     11 

2.67 

1.08 

562 

1    -    20 

10 

99.8 

267 

19 

755.0 

11     11 

1.72 

1.99 

628 

1    -    15 

11 

86.5 

229 

Day  Av. 

744.5 

1.68 

1.25 

503 

1    -    30 

11.6 

116.0 

312 

*20 

766.0 

68-32% 

0.78 

548 

1    -    24 

10 

118.8 

310 

*21 

766.0 

2.48 

638 

1    -    12 

10 

108.7 

284 

22 

740.5 

11     11 

4.93 

705 

1    -      3 

10 

76.8 

208 

23 

773.5 

11     11 

2.13 

483 

1    -    36 

10 

106.2 

275 

24 

765.5 

11     11 

2.16 

567 

1    -    21 

11 

100.9 

264 

25 

766.5 

It     It 

3.45 

567 

1    -    21 

IS 

96.0 

251 

26 

766.5 

11     11 

2.55 

576 

1    -    25 

10 

114.7 

299 

Day  Av. 

763.5 

... 

2.64 

575 

1    -    20 

11 

103.1 

270 

27 

758.5 

68-32% 

5.40 

523 

1    -    27 

14 

109.0 

287 

*28 

769.5 

It     It 

0.98 

607 

1    -    16 

11 

122.6 

319 

*29 

771.0 

11     It 

1.55 

526 

1    -    28 

13 

111.5 

289 

*30 

768.0 

It     11 

1.69 

650 

1    -    11 

12 

87.9 

229 

*31 

766.0 

11     11 

2.22 

638 

1    -    12 

12 

102.1 

267 

*32 

763.0 

11     <i 

1.51 

587 

1    -    23 

13 

90.7 

236 

Day  Av. 

766.0 



2.22 

584 

1    -    19 

12.5 

104.0 

272 

VVeekAv. 

752.0 

1.= 

2 

488 

1    -    40 

14.5 

128.4 

340 

Charges  1  to  19  inclusive  were  new  metal,  copper  and  zinc  ingots. 

Charges  20  to  32  inclusive  were  50  percent  new  metal,  copper  and  zmc  ingots,  and 
50  percent  scrap  brass,  which  contained  about  8  pounds  per  charge  of  material  not 
metal.     A  total  of  46.5   pounds  of  this  material  was  removed   from  furnace. 

Loss  average  for  all  cliarges  of  50  percent  scrap  was  2.44  percent  gross,  or  eliminating 
46.5  pounds  was  1.97  percent  net,  or  allowing  8  pounds  material  not  metal  per  charge 
was  1.39  percent  net.  i     j        n 

*  In  these  charges  the  zinc  was  added  after  copper  and  scrap  had  melted;  all 
the  remaining  charges  composed  of  50  percent  scrap — 50  percent  new  metal  entire 
charge  was  added  at  one  time. 

Loss  average  for  all  charges  marked  *  was  1.60  percent  gross,  or  allowing  8 
pounds  material  not  metal   per  charge  was  0.56  percent  net. 

Metal  was  poured  from  furnace  to  ladle  and  from  ladle  to  mold  in  all  cases. 
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The  rated  electrical  capacity  is  105  K.W.  for  a  furnace  shell 
7  feet  (2.1  m.)  in  diameter,  having  a  hearth  capacity  of  1,500 
pounds  (680  kg.)  and  an  average  melting  rate  of  600  pounds 
(270  kg.)  per  hour. 

Table  I  is  a  tabulation  of  a  typical  week's  run  on  a  105  K.W. 
furnace  melting  ingot  and  scrap  material  for  the  manufacture  of 
yellow  brass  slabs  6  x  1^4  ^  42  inches  (15  x  3.2  x  107  cm.).  This 
material  is  used  for  the  manufacture  of  cartridge  case  discs  for 
3-  and  4-inch  (7.5  and  10  cm.)  shells. 

It  is  to  be  noted  that  for  the  six  days  of  this  period  the  average 
figures  for  the  32  heats  were  as  follows : 

Average  number  of  working  hours  per  day 8  hr.  45  min. 

Average  number  of  heats  per  day 5.33 

Average  weight  of  heats,  each 752  lb.  (342  kg.) 

Composition  of  metal 68  Cu.-32  Zn 

Average  capacity  per  hour 488  lb.  (222  kg.) 

Average  time  per  heat 1  hr.  40  min. 

Average  time  lost  in  pouring 14.5  min. 

Average  kw.  hours  per  heat 128.4  kw.  hours. 

Average  kw.  hours  per  ton  (2,000  lb.) 340  kw.  hours. 

Average  kw.  hours  per  metric  ton 374  kw.  hours. 


Table  II. 

Physical  Properties  of  Electrically  Melted  Brass. 
Lot  No.  1:    Copper,  2;  Zinc,  1. 


Area 
Sq.  In. 

Breaking 

Point 

Lb. 

Tensile  Strength 

Elongation 

■vT.             Dimensions 
^°-                Inches 

Lb./sq.in. 

47,713 
51,825 
49,910 

Kg./sq.mm. 

Percent  in 

2  in. 

(5  cm.) 

A 

B 
C 

0.991  X  0.367 
0.992  X  0.369 
0.979  X  0.369 

0.36374 
0.36595 
0.36125 

17,355 
18,965 
18,030 

33.4 
36.1 
35.0 

64.5 

56.5 
60.0 

Lot  Xo.  2:    Copper,  69.0;  Zinc,  31.0. 


1 

0.984  X  0.350 

0.34440 

15,700 

45,545 

31.9 

67.5 

2 

0.986  X  0.347 

0.34214 

15.350 

44.865 

31.4 

71.5 

3 

0.989  X  0.352 

0.34813 

16,445 

47.235    1 

33.0 

64.0 
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The  physical  properties  of  metal  cast  in  the  above  runs  from 
test  bars  taken  at  random  were  as  shown  in  Table  II. 

To  determine  what  variations  there  might  be  between  the  first 
and  last  bar  cast  from  each  heat,  the  analyses  shown  in  Table  III 
were  made  covering  heats  1  to  32. 


Fig.   1. 


These  runs  were  all  made  in  the  furnace  shown  in  Fig.  1. 

Fig.  2  illustrates  a  furnace  of  the  same  type  just  described 
used  in  the  manufacture  of  copper  and  zinc  alloys. 

Table  IV  shows  the  operating  characteristics  of  one  of  these 
furnaces  when  operating  on  400-lb.  heats  of  "red  brass."  Each 
charge  consisted  of  352  lb.  (160  kg.)  copper,  40  lb.  (18  kg.)  tin, 
and  8  lb.  (3.65.  kg)  phosphorus. 

It  is  to  be  noted  that  the  average  time  per  heat  was  1  hour 
4  minutes,  indicated  K.W.  86;  K.W.H.  per  heat  90.4;  K.W.H. 
per  short  ton  450.3,  per  metric  ton  495. 
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Table  III. 

Analyses  taken  on  the  first  bars  cast  from  the  heat  and  the  last  bars 
cast  from  the  same  heat.    Heats  1  to  32  inclusive. 


No. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 


Percent  of  Copper 


First  Bar 

Last  Bar 

68.70 

.... 

66.73 

67.64 

65.97 

66.73 

66.42 

67.33 

66.43 

67.18 

67.20 

67.36 

66.90 

67.05 

68.42 

70.25 

67.66 

69.34 

67.59 

69.03 

68.42 

68.88 

68.73 

68.73 

69.65 

69.87 

69.34 

70.78 

68.52 

69.42 

No. 


17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
Z2 


Percent  of  Copper 
First  Bar 


68.37 
69.34 
68.67 
68.97 
68.73 
69.70 
69.10 
68.94 
68.94 
69.70 
73.28 
69.70 
69.25 
69.40 
68.94 
69.55 


Last  Bar 

69.72 

70.02 
70.71 
70.17 
69.80 
70.77 
69.10 
69.55 
70.46 
70.46 
74.12 
70.31 
69.85 
69.55 
70.00 
69.55 


Table  IV. 

Tests  on  Melting  Furnace  at  Lumen  Bearing  Company,  Buffalo, 

N.  v.,  June  1,  1917.     (Charges  400  lb.  =  182  kg.). 


Metal  Charged 

Time  of 

Av.  Ind. 

K.W.H. 

K.W.H. 

Heat 

Kind 

Weight 
lb. 

hr.        min. 

K.W. 

Consumed 

Per 

2.000  lb. 

Per 
1.000  IcR. 

1 

Cu. 

....353 

Sn. 

....  40 

[  401 

1  -  17 

78 

99.7 

496 

546 

P.. 

....     8 

2 

Cu. 

....352 

400 

Sn. 

....  40 

1  -  10 

87 

101.1 

500 

550 

P.. 

....     8 

,      Cu. 

....352 

Sn. 
P.. 

....  40 
....     8 

[  400 

. .  -  55 

84 

77.5 

386 

425 

4 

Cu. 

....352 

Sn. 

....  40 

[  400 

. .  -  55 

102 

93.8 

470 

517 

P.. 

....     8 

5 

Cu. 

....352 

Sn. 

....  40 

[  400 

1  -    5 

76 

82.1 

410 

451 

P.. 

....     8 

6 

Cu. 

....352 

Sn. 

....  40 

[  400 

1  -  .. 

88.2 

88.2 

440 

484 

P.. 

....     8 

Avera 

ge.. 



1  -    4 

86 

90.4 

450 

495 

i6o 
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One  of  the  same  furnaces  making  yellow  brass  of  the  compo- 
sition of  72  percent  copper  and  28  percent  zinc  from  ingot,  oper- 


FiG.  2. 


ating  with  816-lb.    (371  kg.)   heats,  shows  the  results  as  given 
in  Table  V. 
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Table  V. 

Yelloiv  Brass-Metal  From  Ingot.    June  8-9,  1915. 
(Charges  816  lb.  =  311  kg.) 


Metal 
Charged 
Percent 

Time  of 

Heating 

hr.           min. 

Av.  Ind. 
K.W. 

K.W.H. 

Consumed 

K.W.H. 

Heat 

Per 

2,000  lb. 

395 
313 
350 
247 
256 
306 
311 

Per 

1,000  kg. 

3 
4 

5 
1 
2 
3 
Averaj 

Copper. .72 

Zinc 28 

Copper. .72 

Zinc 28 

Copper. .72 

Zinc 28 

Copper. .70 

Zinc 30 

Copper.. 70 

Zinc 30 

Copper. .70 
Zinc 30 

le 

1       -      32 
1       -       15 
1       -       12 
1       -       12 
1       -       19 
1       -      20 
1      -      18 

105 

103 
118 
84 
79 
93 
97 

159.55 

129 

142 

101 

104.7 

124.6 

126.8 

435 
344 
385 
272 

282 
337 

342 

It  is  to  be  noted  that  the  average  time  of  heat  was  1  hour  18 
minutes,  indicated  K.W.  97;  K.W.H.  per  heat  126.8;  K.W.H. 
per  short  ton  311,  per  metric  ton  342. 

The  first  furnace  of  the  type  described  in  this  paper  for  melting 
alloys  was  put  into  service  in  August,  1916,  and  was  used  ex- 
clusively for  the  production  of  a  special  bearing  metal,  having 
the  trade  name  of  "Lumen"  and  containing  a  high  percentage  of 
zinc.    A  photograph  of  this  furnace  is  shown  in  Fig.  3. 

The  second  furnace  of  the  type  was  installed  at  the  same  plant 
over  six  months  after  the  first  furnace  was  installed,  and  has 
been  used  for  the  production  of  brass  and  manganese  castings, 
as  well  as  for  the  bearing  metal  mentioned. 

Fig.  4  shows  both  of  these  furnaces  in  operation,  one  of  them 
pouring  yellow  brass,  the  other  pouring  Lumen  metal. 

The  economic  value  of  these  furnaces  for  brass  melting  must 
be  readily  apparent  to  anyone  comparing  costs  calculated  from 
the  figures  given,  with  the  present  cost  of  melting  in  pit-type 
crucible  furnaces,  or  the  cost  in  open-flame  furnaces ;  and  though 
the  brass  industry  has  long  been  skeptical  of  all  electric  brass 
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Fig.  3. 


■ 


Fig.  4. 
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furnaces,  the  work  actually  accomplished  by  the  type  of  furnace 
described,  in  commercial  practice,  has  fairly  entitled  it  to  the 
favorable  reception  it  is  now  receiving. 


DISCUSSION. 


T.  F.  Baiey  :  Zinc  running  0.80  to  15  percent  copper  has  been 
produced  with  three  renewals  of  troughs  in  that  time,  no  renewals 
in  the  way  of  roofs  or  brick.  In  one  of  the  other  furnaces  in 
which  the  runs  were  made,  one  furnace  has  made  about  150  tons 
of  yellow  brass.     It  has  never  operated  on  anything  else. 

H.  W.  GiLLETT^ :  Mr.  Baily  evidently  thinks  in  terms  of  24- 
hour  operation.  In  one  way  he  has  over-estimated  his  results, 
and  in  the  other  way  he  has  under-estimated  them.  In  other 
words,  his  average  here  in  the  abstract  needs  some  explanation 
or  some  illustration  which  is  not  given. 

I  had  no  opportunity  to  talk  with  the  people  operating  this  fur- 
nace, and  this  Table  I  does  not  show  that  the  furnace  is  heated 
at  night.  About  one-third  of  the  day  power  input  is  used  on  it 
at  night,  and  if  the  brass  foundryman  reads  this  and  does  not 
know  it  was  kept  hot  at  night,  he  might  think  he  can  do  the  work 
at  the  stated  power  consumption  without  night  heating.  As  a 
matter  of  fact,  taking  into  consideration  the  night  operation,  the 
figures  will  be  nearly  doubled. 

On  the  other  hand,  on  the  24-hour  basis,  he  could  get  down  to 
275  kilowatt-hours  per  ton.  That  is  not  thoroughly  clear,  and  I 
think  it  should  be  made  clear  in  order  that  the  foundryman  may 
know  just  what  is  happening. 

In  Table  I,  I  am  glad  to  see  the  percent  losses  by  chemical 
analysis  and  percent  losses  by  weight  are  both  given. 

If  one  takes  a  ladle  and  dips  out  half  his  bath,  then  analyzes 
the  remaining  metal,  the  analysis  will  not  show  that  anything  has 
been  taken  out.  Similarly,  if  there  is  a  loss  by  oxidation,  say, 
of  all  the  constituents  of  an  alloy,  analysis  will  not  give  true  loss 

'  U.  S.  Bureau  of  Mines,  Ithaca,  N.  Y. 
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figures,  for  that  method  assumes  that  some  one  constituent,  taken 
as  a  base,  suffers  no  loss.  Hence  taking  losses  by  actual  weight 
of  metal  in  and  metal  out,  is  the  better  method. 

The  segregation  figures  given  would  not  be  considered  very 
good  practice  by  most  brass  men,  and  indicate  that  thorough  rab- 
bling is  needed  in  this  type  of  furnace  to  give  a  well-mixed  alloy. 

T.  F.  Baily  :  We  are  very  glad  not  "to  let  any  foundryman 
have  any  impression  that  is  erroneous,  any  misapprehension  of 
what  we  are  doing, 

J.  W.  Richards-  :  Mr.  Baily  kindly  gave  me  a  chart  of  seven 
heats  of  brass  run  in  a  ten-hour  day,  and  I  figured  out  the  electro- 
thermal efficiency  as  64  percent. 

We  have  two  figures,  one  from  the  Bureau  of  Standards  and 
the  other  from  Mr.  Bennett,  as  to  the  amount  of  heat  in  melted 
brass.  We  note  that  at  1,100°  C,  using  90  kilowatts,  the  efficiency 
figures  64  percent.  If  the  furnace  used  120  kilowatts,  the  effi- 
ciency would  be  74  percent.  That  would  mean  that  you  could 
run  ten  heats  in  a  24-hour  day  instead  of  seven ;  which  points  to 
the  advantage  of  working  the  furnace  as  hard  as  it  can  stand 
being  run. 

'  Professor   of  Metallurgy,  Leliigh   University. 
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PREPARATION  OF  PURE  ALLOYS  FOR  MAGNETIC  PURPOSES 

By  Trycve  D.  Yen-sen.* 

[Abstract.] 

The  author  discusses  the  reasons  why  pure  iron,  and  iron  con- 
taining elements  which  do  not  separate  its  crystals  from  each  other, 
have  great  magnetic  permeability  and  low  hysteresis  losses.  He 
reviews  the  literature  of  this  subject.  He  describes  an  electrolytic 
plant  for  producing  pure  iron,  and  the  various  commercial  forms 
in  which  the  alloying  elements  to  be  used  are  obtained.  Detailed 
description  is  given  of  electrically  fusing  magnesia,  and  moulding 
and  baking  crucibles  out  of  the  product.  Ordinary  and  vacuum 
electric  furnaces  for  making  the  alloys,  at  temperatures  up  to 
1,800°  C,  are  described ;  also  annealing  furnaces  for  heat  treat- 
ment of  the  alloys  produced.  An  illustration  of  the  magnetic 
testing  laboratory  is  shown,  with  catalogue  of  its  outfit. 


I.   GENERAL  CONSIDERATIONS. 

In  spite  of  the  important  improvements  made  during  the  last 
decade  in  the  magnetic  quality  of  iron  and  iron  alloys  used  in 
commercial  machinery,  there  is  still  room  for  further  improve- 
ments. This  became  especially  evident  in  the  work  done  at  the 
Engineering  Experiment  Station  of  the  University  of  Illinois 
during  the  last  five  years,  in  which  work  the  author  was  actively 
engaged  until  last  year.^ 

*  Research   Metallurgist,  Westinghouse   Elect.  &  Mfg.   Co. 
1  Bulletins  Nos.  72,  77,  83,  95,  Eng.  Exp.   Sta.,  Univ.  of  III. 

Trans.  Am.  Inst.  Elect.  Engrs.,  53,  I.  451   (1914);  34,  2455    (1915). 

Proc.  Am.  Inst.  Min.  Engrs.,  Feb.,   1916. 

Gen.  Elect.   Rev.,   18,  881    (Sept.,   1915). 
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This  investigation  has  shown  that  it  is  possible  to  obtain  iron 
and  iron  alloys  with  magnetic  permeabilities  as  high  as  50,000,  as 
compared  with  6,000  to  8,000  in  the  best  grade  of  commercial 
material,  and  with  a  hysteresis  energy  loss  as  low  as  600  ergs 
per  cm.  cube  per  cycle  for  B  ^^^  =  15,000  as  compared  with  3,000 
to  4,000  for  commercial  silicon  steel. 

The  attainment  of  these  results  was  made  possible  by  means 
of  very  pure  materials.  Those  who  are  familiar  with  the  charac- 
teristics of  magnetic  circuits  know  very  well  what  a  tremendous 
effect  is  produced  in  the  magnetic  flux  of  a  solid  iron  ring  by 
making  a  cut  across  it  and  afterwards  joining  the  two  ends.  Even 
if  the  ends  are  well  ground  so  that  they  butt  up  against  each  other 
without  any  appreciable  gap,  the  magnetic  flux  of  the  ring  will 
be  very  much  smaller  than  it  was  before  the  ring  was  cut.  This 
applies  particularly  to  the  case  where  the  ring  is  magnetized  to 
some  point  on  the  steep  part  of  the  magnetization  curve.  The 
same  consideration  may  be  applied  to  the  internal  structure  of  the 
iron.  This  structure  is  chiefly  made  up  of  iron  crystals  or  grains 
of  various  sizes  and  forms.  In  the  case  of  pure  iron,  these  crystals 
come  very  close  together.  If  now  certain  foreign  elements  are 
dissolved  in  the  molten  iron,  some  of  these  will,  as  the  iron  cools, 
remain  in  solution  (solid  solution)  even  after  the  iron  has  cooled 
down  to  room  temperature,  while  others  will  be  precipitated  along 
the  road  at  different  temperatures.  These  foreign  elements  that 
are  thus  thrown  out  of  solution  will  occupy  the  spaces  between 
the  iron  crystals  and  leave  them  further  apart  than  would  be  the 
case  without  these  impurities.  Furthermore,  a  number  of  elements 
like  carbon,  sulphur,  phosphorus  and  oxygen,  are  not  precipitated 
as  such,  but  rather  in  various  combinations  with  iron.  Thus  car- 
bon is  precipitated  as  Fe^C,  called  cementite,  with  magnetic  per- 
meability much  lower  than  that  of  pure  iron  and  with  much  higher 
hysteresis  loss.  Calculating  the  percentage  of  cementite  from  the 
percentage  of  carbon  present,  the  ratio  is  15  to  1.  If,  for  instance, 
the  iron  contains  0.1  percent  carbon,  there  will  result  a  precipitate 
between  the  pure  iron  crystals  of  1.5  percent  (by  weight)  of 
cementite. 
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From  this  consideration,  it  is  quite  evident  that  even  very  small 
amounts  of  carbon  will  have  a  marked  effect  upon  the  magnetic 
properties  of  pure  iron.  In  a  similar  way  sulphur  will  be  precipi- 
tated as  FeS,  forming  a  web  along  the  grain  boundaries,  or  if 
manganese  is  present  sulphur  will  be  precipitated  in  less  harmful 
form  as  MnS  globules.  Phosphorus  is  precipitated  as  FcgP  if 
carbon  is  present  in  appreciable  quantities,  otherwise  it  may  go 
into  solid  solution  with  the  iron.  Gases  like  hydrogen,  nitrogen, 
and  oxygen,  are  readily  dissolved  by  molten  iron,  but  are  given 
oft"  as  the  iron  solidifies,  forming  cavities  between  the  Fe  crystals, 
the  eft'ect  of  which  may  be  even  worse  than  that  of  carbon,  sulphur 
or  phosphorus. 

It  was  stated  above  that  certain  elements  remain  in  solid  solution 
with  the  iron  as  the  latter  cools.  Such  elements,  e.  g.,  silicon  or 
aluminum,  have  generally  much  less  effect  upon  the  magnetic 
properties  than  have  impurities  like  carbon  that  are  precipitated 
between  the  iron  crystals.  They  may  even  have  a  beneficial  effect 
by  precipitating  some  of  the  harmful  impurities  in  a  less  harmful 
form.  Silicon,  for  instance,  when  present  in  sufficient  quantity 
will  precipitate  carbon  as  graphite  instead  of  cementite. 

It  is  very  fortunate  that  these  elements  can  be  introduced  into 
pure  iron  without  destroying  its  magnetic  properties,  for  they 
serve  a  very  useful  purpose  in  increasing  the  electrical  resistance 
of  the  iron.  This  is  of  great  importance  in  connection  with  the 
eddy  current  loss  in  electrical  machinery,  for  the  greater  the 
resistance  of  the  iron  the  less  is  the  loss.  Four  percent  silicon 
added  to  the  iron  will  increase  the  electrical  resistance  from  10 
microhms  per  cm.  cube  to  over  50  microhms,  and  this  is  accom- 
plished without  any  material  change  in  the  magnetic  permeability 
at  low  and  medium  flux  densities. 

At  high  flux  densities,  however,  all  elements,  outside  of  nickel 
and  cobalt,  act  like  impurities  in  iron,  in  that  they  lower  its  per- 
meability in  direct  proportion  to  the  amount  present.  In  other 
words,  they  simply  act  like  diluents,  diminishing  the  capacity  of 
the  iron  for  carrying  the  magnetic' flux.  Thus  4  percent  silicon 
lowers  the  flux  density  by  over  10  percent,  and  0.1  percent  carbon 
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lowers  it  by  4  to  5  percent.  It  is  therefore  of  the  utmost  impor- 
tance whenever  high  flux  densities  are  required  to  use  iron  of  the 
highest  purity. 

Until  recently  it  was  generally  believed  that  no  material  had  a 
higher  magnetic  saturation  value  than  pure  iron.-  In  1912,  how- 
ever, Weiss'  discovered,  and  his  discoveries  have  since  been  amply 
verified,*  that  when  cobalt  is  added  to  iron  the  saturation  value 
is  markedly  increased,  and  that  the  increase  is  in  direct  proportion 
to  the  amount  of  cobalt  added,  up  to  34.5  percent,  corresponding 
to  the  compound  Fe2Co.  This  compound,  if  free  from  impurities, 
has  a  saturation  value  10  to  13  percent  higher  than  that  of  pure 
iron.  This  is  the  more  interesting  because  cobalt  by  itself  has  a 
much  lower  saturation  value  than  has  iron.  The  increase,  there- 
fore indicates  a  change  in  the  molecular  arrangement  of  the 
crystal.  The  discovery  of  the  properties  of  the  iron-cobalt  alloys 
opens  up  an  entirely  new  field  of  magnetic  research. 

NickeP  acts  quite  oppositely  to  cobalt,  except  that  certain  inves- 
tigations® tend  to  show  that  small  amounts  of  nickel  (up  to  5  per- 
cent) increase  the  permeability  of  iron  at  high  flux  densities. 
This  point,  however,  needs  further  confirmation  before  it  can  be 
accepted,  as  the  data  on  the  subject  is  very  meagre.  Furthermore, 
impurities  play  such  a  large  part  in  the  results  obtained  that  the 
greatest  care  must  be  exercised  in  drawing  conclusions. 

It  is  believed  that  sufficient  has  been  said  to  show  the  importance 
of  impurities  in  iron  for  magnetic  purposes.  The  above  consider- 
ations 'may  be  summarized  as  follows : 

1.  The  magnetic  properties  at  low  and  medium  flux  densities 
depend  very  largely  upon  the  crystal  boundary  conditions.  With 
no  impurities  present  such  as  will  be  precipitated  between  the 
crystals,  it  is  possible  to  obtain  iron  and  iron  alloys  with  exceed- 
ingly high  permeabilities  and  with  correspondingly  low  hysteresis 
losses. 

^Hadfield  &   Hopkinson,   Inst.   Elect.   Engrs.,  46,   225    (1911). 

Gumlich,  Trans.  Faraday  Soc,  8,  109   (1912). 
»Comptes  Rendus,   156,   1970   (1913);  Trans.  Faraday  Soc,  8.   149    (1912). 
«  Yensen,  Gen.  Elect.  Rev.     Loc.  cit. 
"  Weiss.     Loc.  cit. 
«  Burgess  and  Aston,  Metal,  and  Chem.  Engr.,  8,  23   (1910). 
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2.  The  electrical  resistance  of  iron  can  be  enormously  increased 
without  affecting  the  magnetic  properties  at  low  flux  densities,  by 
the  addition  of  certain  elements  that  form  solid  solutions  with  the 


iron. 


3.  All  addition  elements  thus  far  investigated  except  cobalt, 
and  possibly  nickel,  whether  they  are  precipitated  between  the  iron 
crystals  or  form  solid  solutions  with  the  iron,  lower  its  magnetic 
saturation  value. 


Fig.  1.     Electrolytic  Iron  Refining  Plant.     Westinghouse  Research  Laboratory. 

4.  Cobalt  up  to  34.5  percent  increases  the  magnetic  saturation 
value  of  iron  in  proportion  to  the  amount  added,  but  these  iron- 
cobalt  alloys  are  just  as  susceptible  to  impurities  as  is  pure  iron. 


II.    ELEMENTS  USED. 

The  first  step  in  the  preparation  of  pure  iron  and  pure  iron 
alloys  is  necessarily  the  securing  of  pure  elements  to  start  with. 
Below  will  be  found  a  list  of  some  of  the  more  important  elements 
needed  in  investigations  of  this  kind,  their  commercial  forms  and 
their  chemical  analysis. 
12 
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Iron. 

Electrolytic  iron  is  the  most  reliable  source  of  iron.  It  is  not 
on  the  market  and  must  generally  be  prepared  by  the  investigator 
himself.  The  methods  have  been  thoroughly  worked  out  by  C.  F. 
Burgess  and  his  associates  at  the  University  of  Wisconsin/  and 
can  be  modified  to  suit  local  conditions.  A  photograph  of  the 
plant  at  the  Westinghouse  Research  Laboratory  is  shown  in  Fig.  1 . 

The  electrolyte  consists  of  250  g.  ferrous  sulphate,  150  g.  ferrous 
chloride  and  200  g.  ammonium  sulphate. 

The  anodes  consist  of  the  purest  commercial  iron  obtainable, 
viz.,  "American  Ingot  Iron."  The  iron  is  first  deposited  on  lead 
plates,  and  when  the  deposit  is  about  3/2  inch  (1.25  cm.)  thick, 
these  are  transferred  to  another  set  of  tanks  and  used  as  anodes 
for  a  second  refining.  In  the  second  set  aluminum  cathodes  are 
used,  from  which  the  iron  can  be  readily  stripped  provided  the 
aluminum  plates  are  kept  in  good  condition.  This  is  done  as 
follows : 

1.  Remove  traces  of  Fe  and  FcgOa  after  the  deposit  has  been 
stripped  ofit,  by  means  of  1 :   1  HNO3. 

2.  Wash  plates  and  neutralize  the  acid  by  means  of  NaHCO,. 

3.  Wash  with  H^O. 

4.  Straighten  out  plates. 

5.  Remove  scratches  by  polishing  with  fine  emery. 

6.  Remove  AI2O3  by  polishing  and  buffing. 

7.  Treat  with  alcohol  and  ether,  and  finally  dry  the  plates. 

This  treatment  will  leave  the  plates  with  a  thin  film  of  aluminum 
oxide  to  which  the  iron  will  not  adhere  to  any  extent. 

The  current  density  is  about  1  ampere  per  sq.  dm.  of  electrode 
surface.  The  electrolyte  is  circulated  through  the  tanks  by  means 
of  a  small  hard-lead  centrifugal  pump,  that  lifts  the  electrolyte 
from  the  lower  tank  up  to  the  top  tank  from  which  it  flows  through 
the  other  tanks  by  gravity.  The  total  energy  consumption  is  about 
1  kw.  hour  per  kilogram  of  iron  deposited. 

'  Burgess  and  Hambuechen,  Iron   and  Steel  Mag.,  8,  48   (1904). 
Watts  and  Li,   Trans.   Am.   Kectrcchem.    Soc,   25,    529    (1914). 
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After  being  stripped  off  the  aluminum  anodes,  the  iron  is  welt 
rinsed  with  hot  water  to  remove  most  of  the  electrolyte  and  is  then 
stored  away.  Before  being  used,  however,  it  is  put  through  a 
thorough  cleaning  by  means  of  successive  baths  of  dilute  HCl, 
boiling  distilled  water,  alcohol  and  ether,  after  which  it  is  dried 
in  vacuo. 

Analysis  of  a  sample  of  iron  thus  made  is  as  follows: 

S    0.003  percent 

P    0.003 

C    0.010 

Mn    Trace 

Si    0.004 

Cu    Trace 

Al   0.009 

Fe  (by  cliff.) 99.97 

In  case  a  very  smooth  deposit  is  desired,  this  can  be  obtained 
by  adding  6  g.  ammonium  oxalate  per  liter  of  electrolyte.  How- 
ever, this  addition  will  cause  the  deposit  to  contain  more  carbon 
than  without  it  (about  0.02  to  0.03  percent).  Furthermore,  the 
oxalate  decomposes  gradually  and  has  to  be  replenished  from  time 
to  time. 

Nickel. 

Electrolytic  nickel  can  now  be  obtained  on  the  market,  made  by 
the  International  Nickel  Co.    A  sample  analysis  follows : 

C    0.03  percent 

Mn   Trace 

P    0.001 

S  0.006 

Si  0.040 

Fe    0.250 

Ni    (cliff.) 99.673 

Cobalt. 

Cobalt  can  be  prepared  by  reduction  of  the  oxide,  according  to 
the  method  worked  out  by  Dr.  H.  T.  Kalmus  at  Queens  University, 
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Kingston,  Ontario, 
of  his  product : 


Dr.  Kalmus  gives  the  following  composition 


Co   99.60  percent 


Fe 

Si 

c 
p  . 

s 

Al 


0.33 

0.097 

0.13 

0.0047 

0.020 

0.016 


Ni    None 

Ca    None 


Fairly  pure  cobalt  has  been  put  on  the  market  by  the  Gold- 
schmidt  Thermit  Co.,  a  sample  analyzing  as  follows : 

C  Trace 

Mn   Trace 

P   0.008  percent 


S  . 

Si 

Ni 

Cu 

Fe 

Al 

As 


0.058 

0.250 

0.970 

0.15 

0.60 

0.07 

0.03 


Ag  None 

Co  (by  diff.) 97.864 


Silicon. 

This  can  be  obtained  from  the  Carborundum  Company  in  the 
form  of  alloy  containing  iron  in  various  amounts.  The  purest 
grade  showed  analyses  as  follows : 

Si   94.8  percent 

C    0.2 

Mn  None   " 

Al  2.0 

Fe    3.0 

For  the  purpose  for  which  silicon  is  generally  used,  namely,  to 
raise  the  resistance  of  the  iron,  the  above  impurities  are  of  little 
consequence,  but  for  the  best  results  the  carbon  content  is  too 
high.  In  such  cases  it  is  necessary  to  resort  to  methods  of  reduc- 
tion without  the  use  of  carbon. 

•Canadian  Dept.  of  Mines,   Bulletin  No.  250   (1913). 
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Aluminum. 

Commercial  aluminum  from  The  Aluminum  Co.  of  America 
is  sufficiently  pure  for  most  purposes  considered  here.  A  typical 
analysis  is  as  follows : 

Si    0.210  percent 

Cu   0.100 

Fe    0.170 

Mn  <  0.001 

Ni  None       " 

Zn   None       " 

Al    (by   diff.) 99.52 

• 

Titanium. 

Metallic  titanium  is  being  made,  and  will  probably  be  on  the 
market  in  the  near  future.  Until  then,  ferro-titanium  will  have 
to  be  used.  A  sample  of  the  Goldschmidt  Thermit  Co.  product  has 
the  following  analysis  : 

Ti    24.00  percent 

Si    1.86 

Fe    68.80 

Mn    0.83 

C    0.09 

S    0.02 

P    0.006      " 

Cu   None       " 

Manganese. 

This  can  be  obtained  from  the  Goldschmidt  Thermit  Co.,  con- 
taining a  small  amount  of  iron  and  silicon  and  practically  carbon 
free.    A  sample  of  this  product  analyzed  as  follows: 

Si   1.85  percent 

Pb    Trace  " 

Sn    0.007  " 

Cu   0.063  " 

Fe 1.822  " 

Al   0.482  " 

Cr    0.750  " 

Ni  0.194  " 

Mn    (diff.) 94.83 
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Vanadium. 
Can  at  present  be  obtained  only  as  ferro-vanadium.    A  sample 
of   the   Goldschmidt   Thermit   Co.   product  gave  the   following 
analysis : 

Si   0.85  percent 

P    0.04 

S   0.13 

Ni    None 

Cr    None 

Al    4.82 

Mn    0.17 

Cu    0.01 

Fe  53.40 

V   40.20 

• 

Boron. 
Boron  can  be  reduced  to  pure  metallic  form,  but  only  with  great 
■difficulty.  In  the  form  of  suboxide  (B^O),  or  suboxide  flux  (con- 
taining 8  percent  B-O),  it  has  been  extensively  used  as  a  deoxidizer 
for  copper.^  The  suboxide  furnished  the  writer  while  at  the 
University  of  Illinois  by  Dr.  Weintraub  analyzed  82.68  percent 
boron  and  may  therefore  be  considered  as  pure  B^O.  Ferro-boron 
may  be  obtained  from  the  Goldschmidt  Thermit  Co. 

Carbon. 
Carbon  can  be  obtained  nearly  100  percent  pure  from  sugar,  or 
if  less  refined  material  is  required,  from  charcoal  or  graphite. 

Alaguesium. 

Can  be  had  at  present  from  a  number  of  chemical  companies, 
the  best  product  containing  99  percent  Mg.,  or  even  better. 

Tantalum. 

This  is  sold  by  the  Goldschmidt  Thermit  Co.  as  ferro-tantalum, 
•with  a  tantalum  content  of  50  to  60  percent. 

Zirconium. 

The  metallic  form  can  not  as  yet  be  obtained  in  the  open  market, 
but  can  be  made  in  the  laboratory  by  reducing  the  pure  oxide, 
\vhich  is  sold  by  the  Foote  Mineral  Company. 

»  E.  Weintraub,  Trans.  Am.  Electrochem.   Soc,   16,   165    (1909);   18.  207   (1910). 
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Uranium. 

Can  be  obtained  from  the  Standard  Alloy  Company  in  the  form 
of  30  to  40  percent  ferro-uranium. 


Fig.   2.     Arc   Furnace   for   Fusing   MgO.      Westinghouse    Research   Laboratory. 


III.     PREPARATION  OF  ALLOYS. 

The  second  step  in  the  process  of  preparing  pure  alloys  is  the 
tnelting  of  the  pure  niaterials  in  such  a  way  as  not  to  contaminate 
them.  This  means  that  the  crucibles  must  contain  no  elements  that 
will  be  dissolved  by  the  iron,  and  that  the  atmosphere  in  the 
iurnace  must  be  such  as  not  to  contribute  impurities. 
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Crucibles. 


The  crucibles  used  at  the  Westinghouse  Research  Laboratory 
are  made  from  magnesia.  The  raw  Grecian  magnesite  calcined  at 
1,000°  C.  is  first  fused  in  the  arc  furnace  shown  in  Fig.  2.  The 
tank  is  filled  with  magnesite  and  the  arc  started  with  an  input  of 
70  kw.  As  the  magnesia  fuses  the  upper  electrode  is  gradually 
raised  until,  at  the  end  of  the  operation  requiring  10  to  12  hours, 
there  is  a  mass  of  fused  material  in  the  center  of  the  furnace  of 
about  250  kg.  The  energ}'^  consumption  per  kg.  is  thus  nearly 
3  kw.  hours.    After  cooling,  the  fused  magnesia  is  separated  from 


Fig.  3.     Magnesia  Crucibles  Made  at  Westinghouse  Research  Laboratory. 
Tallest  crucibles  are  7  in.   (18  cm.)  high,  smallest  3  in.   (8  cm.)  high. 


the  sintered  magnesia  and  ground  to  the  desired  fineness.  It  has 
been  found  by  experiment  that  the  best  crucibles  are  obtained 
using  all  the  magnesia  that  goes  through  a  20-mesh  screen,  al- 
though the  finer  material  makes  a  nicer-looking  crucible.  The 
ground  magnesia  is  mixed  with  a  binder  consisting  of  hydrated 
magnesia,  Mg(OH)2,  made  in  a  ball  mill  by  mixing  together  600 
g.  calcined  magnesite  and  1,000  g.  water.  Magnesium  chloride 
can  be  used  instead  of  the  hydrate  and  some  prefer  sodium  silicate, 
but  it  is  believed  that  the  crucibles  made  with  the  latter  are  less 
refractory  than  if  made  with  the  hydrate  or  chloride,  on  account 
of  the  silica  introduced.    The  crucibles  are  pressed  in  steel  molds 
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under  a  pressure  of  about  25  tons.  Fig.  3  is  a  photograph  of  the 
various  crucibles  made.  After  drying  for  a  day  the  crucibles  are 
baked  in  a  carbon  plate  resistance  furnace  at  a  temperature  of 
about  1,800°  C.    Six  of  each  size  crucible  can  be  baked  at  the  same 


Fig.    4.      General    View   of    Furnace    Room.      Westinghouse    Research    Laboratory. 
Four  Vacuum  Furnaces  to  the  left.     Carbon  Plate  Resistance  Furnace  to  the  right. 


time,  placing  them  in  nests  upside  down  on  a  magnesia  cover. 
The  energy  consumption  is  about  30  kw.  for  5  hours  followed 
by  60  kw.  for  another  five  hours,  making  a  total  of  450  kw.-hours 
for  18  crucibles  with  covers.  After  baking,  the  crucibles  analyze 
0.01  percent  carbon.     The  furnace  is  shown  at  the  right  in  the 
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general  view  of  the  furnace  room  in  Fig.  4.  The  lining  is  made 
up  of  three  layers  of  bricks,  Sil-o-cel  along  the  outside,  firebrick 
in  between,  and  magnesia  brick  along  the  heating  chamber.  The 
chamber  is  covered  with  graphite  plates  and  these  in  turn  by 
powdered  magnesia.  The  cover  is  made  from  firebrick  and  Sil-o- 
cel,  and  makes  a  good  joint  with  the  main  part  of  the  furnace. 
The  water-cooled  electrodes  are  protected  from  excessive  oxida- 
tion by  being  enclosed  in  drums  at  each  end  of  the  furnace,  and 
these  can  be  so  adjusted  as  to  put  more  or  less  pressure  on  the 
carbon  plates  that  form  the  heating  elements  and  thus  regulate 
the  input. 

Furnaces. 

Various  types  of  furnaces  are  used  for  melting  the  alloys. 
Three  of  these  furnaces  have  to  be  operated  in  vacuo  or  in  an 
inert  gas,  one  furnace  can  be  operated  either  under  ordinary 
atmospheric  conditions  or  in  vacuo,  and  one  can  be  operated  only 
under  ordinary  atmospheric  conditions.  Four  of  the  furnaces  use 
graphite  for  the  heating  elements,  while  one  can  use  either  tungsten 
or  molybdenum.  In  all  of  the  furnaces  the  behavior  of  the  charge 
can  be  observed  through  windows  in  the  top.  The  main  joints  of 
the  vacuum  furnaces  are  made  air  tight  by  means  of  solder  or  wax 
that  is  melted  in  place  by  means  of  resistance  ribbon  wound 
around  them,  and  all  bushings  are  made  air  tight  by  means  of 
high  melting  wax. 

The  vacuum  system  consists  of  two  units  with  separate  lines  of 
copper  tubing  having  outlets  to  two  valves  at  each  furnace  in  such 
a  way  that  any  two  furnaces  can  be  operated  at  a  time.  "Tri- 
mount"  vacuum  pumps  are  used,  exhausting  into  the  main  vacuum 
system  of  the  building.  The  latter  maintains  a  pressure  of  2  to  5 
mm.,  while  the  Trimount  pumps  will  give  as  low  as  0.0005  mm. 
under  the  most  favorable  conditions.  With  a  furnace  connected 
and  iron  molten,  a  pressure  of  0.5  mm.  can  be  maintained  under 
favorable  conditions. 

The  electrical  equipment  also  consists  of  two  separate  units,  so 
as  to  serve  any  two  furnaces  at  a  time.  Each  unit  consists  of  a 
transformer,  induction  regulator,  and  switchboard,  so  arranged 
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that  any  voltage  can  be  obtained  from  7^/^  to  90  volts,  and  180 
volts  by  placing  the  two  boards  in  series.  The  capacity  is  2,000 
amperes  per  unit  at  the  low  voltages,  1,000  amperes  at  intermediate 
voltages,  and  750  amperes  at  the  higher  voltages. 

In  the  vacuum  furnaces,  even  with  graphite  heating  elements, 
it  is  possible  to  melt  iron  without  contamination  provided  the 
heating  element  is  not  heated  sufficiently  to  evaporate  the  carbon. 
Under  atmospheric  pressure,  however,  iron  will  absorb  as  much 
as  0.10  percent  carbon  from  the  CO  gases  present. 

A  small  amount  of  refining  can  be  carried  out  in  the  vacuum 
furnaces  if  necessary.  Thus,  carbon  can  be  practically  eliminated 
by  the  addition  of  iron  oxide  to  the  charge.  The  reaction  in  its 
simplest  form 

C  +  FeO  ±5  CO  +  Fe 

takes  place  from  left  to  right  as  long  as  the  CO  is  removed.  The 
equilibrium  appears  to  be  reached  with  a  carbon  content  of  about 
0.01  percent.  Aluminum,  titanium  and  vanadium  can  also  be 
eliminated  by  means  of  iron  oxide.  On  the  other  hand,  silicon, 
boron  and  manganese  can  be  only  partially  removed,  because  of 
their  high  affinity  for  iron.  Vice  versa,  iron  can  be  completely 
deoxidized  by  means  of  any  of  the  above  elements.  Carbon,  alu- 
minum, titanium  or  vanadium  will  accomplish  the  deoxidation 
without  leaving  any  but  traces  of  themselves  in  the  iron,  unless 
they  are  added  in  excess,  carbon  going  off  as  CO  and  the  others 
passing  as  oxides  to  the  top  of  the  bath  and  into  the  slag.  Silicon, 
boron  and  manganese,  however,  will  partly  combine  with  the  iron 
at  the  same  time  as  they  combine  with  the  oxygen.  It  is  further 
claimed  for  titanium  that  it  will  remove  any  nitrogen  dissolved 
in  the  iron. 

The  alloys  thus  made  are  rolled  or  forged  into  the  desired  shape 
for  testing  or  for  other  purposes.  While  it  has  been  found  that 
this  operation  can  be  performed  under  ordinary  forging  conditions 
w^ithout  danger  of  contamination,  it  is  well  known  that  the  product 
must  be  thoroughly  annealed  afterwards  to  eliminate  the  strain 
caused  by  the  mechanical  working.    Furthermore,  for  commercial 
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materials  containing  some  impurities,  annealing  at  high  tempera- 
tures has  been  shown  to  increase  the  size  of  the  crystals,  with  a 
highly  beneficial  effect  in  lowering  the  hysteresis  loss.  This  is 
particularly  true  for  silicon  steel.  It  is  doubtful,  however,  whether 
annealing  has  any  such  effect  upon  pure  iron  and  iron-silicon 
alloys  free  from  other  impurities,  as  it  has  been  shown  that  the 
size  of  the  crystals  in  the  latter  case  is  practically  unaffected  by 
annealing.     Whether  the  beneficial  effect  of  annealing  is  partly 


Fig.   5.     Annealing  Furnaces.     Westirghouse   Research   Laboratory. 
Hoskins  Furnace  Outside  Picture  to  the  right. 


due  to  the  converting  of  all  the  beta  and  gamma  iron  into  alpha 
iron  is  also  a  debated  question.  That  it  is  not  chiefly  due  to  this 
cause  in  the  case  of  uncontaminated  products  is  shown  by  the 
fact  that  most  of  the  improvement  in  permeability  and  hysteresis 
loss  for  such  materials  takes  place  below  the  a  to  ^  transformation 
point.'" 

Fig.  5  shows  the  battery  of  annealing  furnaces  at  the  Westing- 
house  Research  Laboratory.    Two  of  them  are  tube  furnaces  for 

"  Yensen,  Bulletin  No.   72,  Eng.   Exp.   Station,  Univ.   of  Illinois. 


PREPARATION  OF  PURE  ALLOYS. 


i8i 


annealing  rods,  bars  or  strips.  The  tubes  are  of  fused  quartz  and 
can  be  closed  at  both  ends  with  rubber  stoppers  for  operation  with 
vacuum  or  various  gases  on  the  inside.  The  nichrome  heating 
elements  are  wound  on  alundum  tubes  and  can  be  heated  to  give 
a  temperature  of  1,100°  C.  inside  the  quartz  tubes.  The  furnaces 
can  be  swung  into  a  vertical  position  for  filling  or  for  dropping 


Fig.  6.     Magnetic  Testing  Laboratory.     Westinghouse  Research  Laboratory. 


test  pieces  into  a  quenching  bath.  For  annealing,  the  test  pieces 
are  placed  in  powdered  magnesia  and  attached  to  a  quartz  pyro- 
meter tube  projecting  out  through  one  of  the  rubber  stoppers.  A 
pressure  of  0.05  mm.  can  be  maintained  in  the  tubes  during  the 
annealing.  Another  furnace,  similarly  wound,  is  operated  in  a 
vacuum  tank  in  a  vertical  position  and  is  used  for  annealing  circu- 
lar punchings  or  solid  rings  too  large  to  go  into  the  tube  furnaces. 
Finally,  a  Hoskins  furnace  is  used  for  all  other  purposes  not 


l82 


TRYGVE  D.  YENSEN, 


requiring  vacuum  treatment.  The  electrical  equipment  for  these 
furnaces  consists  of  three  induction  regulators,  so  that  three 
furnaces  can  be  operated  simultaneously. 

The  magnetic  testing  laboratory,  shown  in  Figs.  6  and  7  is  equip- 
ped with  the  latest  and  most  approved  apparatus  for  magnetic 
testing,  consisting  of  a  modified  Burrows  outfit  for  permeability 


Fig.    7.      Magnetic    Permeability    Testing    Outfit.      Westingliouse    Research    Laboratory. 

and  hysteresis  tests  of  bars,  rods,  and  strips,  which  can  also  be  used 
for  testing  of  ring  samples;  Epstein  apparatus  for  testing  iron 
losses  of  sheet  material  with  auxiliaries  for  obtaining  various  wave 
shapes ;  an  outfit  for  testing  magnetic  uniformity  of  rods ;  and, 
in  an  adjoining  room,  apparatus  for  testing  electrical  resistance 
and  temperature  coefficients. 


Research  Laboratory, 

IVestinghonse  Electric  &■  Manufacturing  Co., 
East  Pittsburgh,  Pa. 

Aug.  13,  1917. 
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DISCUSSION. 

W.  RuDER^ :  jMr.  Yensen's  work,  Avhich  he  has  pubhshed  at 
different  times,  as  to  the  exceptional  permeabiHty  values  and  the 
low-watt  losses  he  has  obtained  in  his  vacuum-fused  irons,  is  cer- 
tainly a  commendable  one. 

The  value  of  the  extreme  purity  in  magnetic  materials  is  evi- 
denced by  the  very  large  difference  obtained  in  the  magnetic  test- 
ings of  the  extremely  pure  material,  such  as  has  been  obtained 
by  vacuum  fusion  of  the  electrolytic  iron,  and  the  magnetic  tests 
obtained  from  practically  pure  irons  such  as  good  Norway  iron 
or  American  ingot  iron.  Although  the  vacuum  fusion  of  elec- 
trolytic iron  on  a  large  scale  appears  to  be  a  difficult  thing,  yet 
Mr.  Yensen  has  set,  by  his  work,  new  limits  to  our  aspirations, 
and  we  can  now  hope  to  achieve  greater  results  in  the  prepara- 
tion of  our  commercial  products. 

President  C.  G.  Fink-:  I  should  just  like  to  add  that  I  do 
not  agree  with  Air.  Yensen  on  his  melting  point  determination 
of  cobalt.  I  do  not  believe  you  can  get  absolutely  pure  cobalt  in 
a  vacuum  furnace  made  up  with  a  carbon  resistor.  Cobalt  takes 
up  carbon  very  readily,  and  the  melting  point  is  lowered  over 
100  degrees  by  the  merest  trace  of  carbon.  The  melting  point  of 
cobalt,  as  determined  in  our  laboratory  two  years  ago,  is  1,610° 
C,  which  is  about  110°  higher  than  j\Ir.  Yensen's  value. 

T.  D.  Y^'ensen:  If  I  understand  the  chairman  correctly,  does 
he  state  that  cobalt,  and  iron  alloys,  cannot  be  melted  in  a  carbon- 
resistance  vacuum  furnace  without  absorbing  carbon  ? 

President  C.  G.  Fink  :   That  is  correct. 

T.  D.  Yensen  :  I  do  not  remember  that  we  had  our  iron-cobalt 
alloys  analyzed  for  carbon.  The  chief  importance  of  cobalt  is 
not  in  attaining  exceedingly  high  permeabilities  at  low  flux  den- 
sities, but  rather  in  attaining  high  saturation,  or  high  permeabili- 
ties at  exceedingly  high  densities.  The  iron-cobalt  alloy,  Fe.,Co, 
was  first  obtained  by  Dr.  Weiss,  of  Zurich. 

The  saturation  value  of  this  alloy  is  10  to  13  percent  higher 

'  General   Electric  Co.,   Schenectady,  N.   Y. 

'  Director  of  Research,  Chile  Exploration  Co.,  New  York  City. 
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than  that  of  pure  iron.  I  do  not  beheve  that  a  small  trace  of 
carbon  in  this  case  would  be  very  serious,  but  it  may  be  possible 
to  get  higher  values. 

President  C.  G.  Fink:  Have  you  ever  tried  to  melt  the  ferro- 
cobalt  in  an  atmosphere  other  than  CO  ? 

T.  D.  YensEn  :    No,  I  have  not. 

President  C.  G.  Fink:  Don't  you  think  you  would  get  higher 
saturation  values  if  you  eliminated  the  last  traces  of  carbon? 

T.  D.  YensEn  :  It  is  possible  that  we  may.  Attempts  will  be 
made  to  melt  the  iron-cobalt  alloys  in  other  kinds  of  furnaces. 
There  are  other  types  available  besides  the  carbon  resistor  type. 

T.  D.  YensEN  (Communicated)  :  Since  the  discussion  of  my 
paper  in  October,  analyses  have  been  obtained  on  the  carbon  con- 
tent of  a  few  iron-cobalt  alloys  containing  from  1  to  15  percent 
cobalt,  prepared  in  a  carbon  resistor  vacuum  furnace.  Accord- 
ing to  these  analyses  the  carbon  content  is 

0.016  percent  for  the  1  percent  alloy 
0.009  percent  for  the  2  percent  alloy 
0.005  percent  for  the  3  percent  alloy 
0.035  percent  for  the  4  percent  alloy 
0.009  percent  for  the  5  percent  alloy 
0.013  percent  for  the  10  percent  alloy 
0.005  percent  for  the  15  percent  alloy 

Judging  from  this  result  it  should  be  feasible  to  melt  iron- 
cobalt  alloys  in  a  carbon  resistor  vacuum  furnace  without  con- 
tamination by  carbon.  I  do  not  think  that  any  marked  improve- 
ment can  be  obtained  in  the  saturation  values  of  these  alloys  by 
a  further  elimination  of  carbon. 


A  paper  presented  at  the  Tliirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,   1917,  President  Fink  in   the  Chair. 


A  METHOD  FOR  THE  COMMERCIAL  ANALYSIS  OF  FERRO-SELICON 

By  Russell  E.  Lowe.* 

[Abstract.] 

The  method  of  procedure  described  involves  the  decomposition 
of  the  alloy  by  means  of  nitric  and  hydrofluoric  acids,  and  the 
determination  of  those  elements  that  are  generally  called  for 
in  specifications  for  the  50  percent  alloy ;  namely,  manganese,  sul- 
phur, phosphorus,  iron,  aluminum,  and  silicon. 

In  the  sulphur  and  phosphorus  determination  a  method  is  pre- 
sented for  the  necessary  removal  of  the  last  traces  of  fluorine 
without  the  use  of  sulphuric  acid. 

The  method,  as  given,  has  all  of  the  accuracy  of  the  older 
fusion  methods  while  at  the  same  time  it  is  more  rapid,  easier  to 
handle,  and  saves  platinum. 

Some  remarks  are  appended  upon  the  probable  volatilization 
of  phosphorus  from  samples  of  ferro-silicon  kept  nearly  ten  years 
in  screw-topped  glass  jars. 


This  analytical  procedure  is  the  result  of  an  extended  series  of 
experiments,  carried  on  with  the  purpose  of  evolving  a  rapid 
and  accurate  method  for  the  analysis  of  ferro-silicon  without  the 
aid  of  the  powerfully  oxidizing  fluxes  at  present  used.  By  "com- 
mercial analysis"  is  meant  the  quantitative  determination  of  sul- 
phur, phosphorus,  manganese,  iron,  aluminum  and  silicon,  since 
these  elements  are  the  ones  generally  specified  in  contracts  for 
the  50  percent  alloy. 

The  older  procedures  for  the  analysis  of  ferro-silicon  require 
a  flux  consisting  of  20  grams  of  sodium  carbonate  and  4  grams 
of  potassium  nitrate  to  break  down  a  1-gram  sample  of  the  alloy. 

*  Chemist,  The  FitzGerald  Laboratories,   Inc.,   Niagara   Falls.   N.   Y. 
13  i8.S 
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A  fusion  of  this  character  is  decidedly  destructive  to  platinum, 
and  in  addition  requires  almost  constant  supervision  because  of 
its  tendency  to  creep  over  the  side  of  the  crucible.  Another,  and 
a  great  fault  of  the  fusion  method  is  that  it  is  slow.  Because  of 
the  minute  quantities  of  impurities  present  in  the  alloy,  a  gram 
sample  at  least  must  be  used.  This  means  the  tedious  handling 
of  a  large  volume  of  silica,  and  involves  a  second  fusion  since 
it  is  impossible  to  wash  silica  absolutely  free  from  the  heavy 
metals. 

The  following  method  of  procedure  has  been  tried  on  several 
samples  of  ferro-silicon  that  were  previously  analyzed  by  an  out- 
side laboratory  of  recognized  standing,  and  in  practically  all  cases 
the  agreement  was  found  to  be  within  the  limits  of  experimental 
error.  The  method  is  recommended  as  being  simple,  accurate, 
rapid,  and  saving  of  platinum. 

DETERMINATION    OF    SULPHUR   AND   PHOSPHORUS. 

]\Iix  sample  thoroughly  and  powder  in  a  diamond  mortar  until 
it  passes  through  a  100-mesh  screen.  Weigh  about  1  g.  of  the 
powdered  sample  into  a  100  c.c.  platinum  dish,  add  25  c.c.  of 
concentrated  nitric  acid,  cover  with  platinum  foil  and  place  on 
a  boiling- water  bath.  When  the  contents  of  the  dish  have  reached 
the  temperature  of  the  bath  add  a  few  drops  of  hydrofluoric  acid. 
As  soon  as  the  resulting  violent  reaction  has  ceased  add  a  second 
portion  of  the  acid.  Continue  this  procedure  until  only  a  slight 
residue  is  visible  on  the  bottom  of  the  dish,  then  add  about  5  c.c. 
more  of  hydrofluoric  acid.  Remove  the  watch  glass,  carefully 
washing  any  matter  adhering  to  it  into  the  platinum  dish  with  a 
stream  of  hot  water,  and  evaporate  the  solution  to  dryness.  Add 
10  c.c.  of  concentrated  nitric  acid  to  the  contents  of  the  dish  and 
repeat  evaporation  on  water  bath.  Dissolve  residue  in  dish  with 
50  c.c.  of  a  5  percent  solution  of  nitric  acid,  heating  to  hasten 
the  process. 

Add  to  the  dish  a  concentrated  solution  of  sodium  carbonate 
in  small  portions  and  with  constant  stirring  until  it  is  present  in 
slight  excess,  then  transfer  the  contents  to  a  glass  beaker  and 
dilute  with  hot  water  to  about  200  c.c.  Heat  contents  of  beaker 
to  boiling  and  allow  to  settle.  Filter  solution  through  a  12.5  cm. 
filter,  washing  the  precipitate  five  times  with  hot  water. 
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Sulphur: — The  filtrate  contains  the  sulphur,  and  to  it  is  added 
an  aqueous  solution  of  calcium  chloride  until  the  precipitation  of 
calcium  fluoride  and  calcium  carbonate  is  complete.  Boil  the 
solution  for  a  few  minutes,  allow  the  precipitate  to  settle,  filter 
through  a  12.5  cm.  filter  paper.  Wash  the  precipitate  five  times 
with  hot  water. 

Acidify  filtrate  from  the  calcium  chloride  precipitation  with 
hydrochloric  acid.  Heat  the  solution  to  boiling  and  add  25  c.c. 
of  boiling  6  N  barium  chloride.  Allow  solution  to  stand  in  a 
warm  place  for  one  hour,  then  filter  through  a  9-cm.  No,  42 
Whatman  filter,  or  its  equivalent.  Wash  filter  with  hot  water 
until  it  is  free  from  chlorides. 

Ignite  this  filter  in  a  weighed  platinum  crucible,  cool  in  dessi- 
cator  and  weigh  the  sulphur  as  barium  sulphate.  Calculate  to 
sulphur.  As  in  all  sulphur  determinations  it  is  advisable  to  run 
a  blank  carrying  out  the  procedure  as  given,  omitting  of  course 
the  sample,  otherwise  results  are  apt  to  be  too  high. 

Phosphorus: — The  sodium  carbonate  precipitate  contains  the 
phosphorus,  as  iron  phosphate.  This  precipitate  is  dissolved  from 
the  filter  with  hot  nitric  acid,  sp.  g.  1.13  (approximately  1  volume 
of  concentrated  nitric  acid  to  3  of  water).  50  c.c.  of  the  acid 
will  be  found  ample  if  it  is  poured  through  the  filter  several  times. 
When  the  precipitate  is  completely  dissolved  the  filter  is  washed, 
first  with  a  1  percent  solution  of  nitric  acid,  then  with  hot  water 
until  it  is  free  from  iron. 

The  solution  is  now  heated  to  boiling,  with  the  addition  of  a 
few  drops  of  a  concentrated  solution  of  potassium  permanganate, 
and  kept  at  this  temperature  for  about  five  minutes.  Add  a  solu- 
tion of  ferrous  sulphate  in  water,  acidified  with  sulphuric  acid, 
until  any  precipitate  of  manganese  dioxide  dissolves  and  the  solu- 
tion becomes  quite  clear. 

Remove  solution  from  the  source  of  heat  and  add  50  c.c.  of 
ammonium  molybdate  solution.  Allow  to  stand  for  30  minutes, 
filter  through  a  9-cm.  filter  paper,  then  wash  first  with  1  percent 
nitric  acid  solution,  Second  with  hot  water  until  the  yellow  pre- 
cipitate is  free  from  iron. 

After  the  method  of  J.  O.  Handy, ^  transfer  the  filter  paper 
and  yellow  precipitate  to  a  glass  beaker,  add  a  definite  volume  of 

'  Blair,  Cliemical  Analysis  of  Iron,   7th   ed.,   p.    10^. 
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sodium  hydroxide  solution  that  has  been  standardized  against  a 
steel  of  known  phosphorus  content,  and  titrate  for  the  excess  of 
alkali  with  a  standardized  solution  of  nitric  acid.  Calculate  to 
phosphorus. 

DETERMINATION   OF   MANGANESE,   IRON,   AND   ALUMINUM. 

Weigh  about  one  gram  of  the  finely  powdered  sample  into  a 
platinum  dish  and  proceed  with  the  decomposition  of  the  alloy 
in  a  manner  identical  with  that  given  in  the  sulphur-phosphorus 
procedure,  up  to  and  including  the  first  evaporation  to  dryness. 

Cover  residue  in  the  dish  with  25  c.c.  of  a  1 :5  solution  of  sul- 
phuric acid.  Evaporate  solution  almost  to  dryness.  Cool.  Add 
25  c.c.  of  distilled  water,  raise  contents  of  the  dish  to  the  boiling 
point,  then  transfer  to  a  glass  beaker.  Add  100  c.c.  of  water,  a 
few  drops  of  concentrated  hydrochloric  acid  and  boil  until  solu- 
tion is  complete.  Determine  manganese,,  iron  and  aluminum  in 
this  solution  in  the  regular  manner,  as  given  in  Blair's  Analysis 
of  Iron  and  Steel,  or  any  standard  work  on  qualitative  analysis. 

DETERMINATION   OF  SILICON. 

Silicon  is  calculated  by  summing  up  the  percentages  of  the 
elements  determined  and  subtracting  from  100. 

For  an  extremely  rapid  but  approximate  determination  of  sili- 
con, accurate  within  0.5  percent,  weigh  0.25  g.  of  the  sample  into 
a  weighed  platinum  dish.  Decompose  with  mixed  acids  as  before. 
Evaporate  solution  to  dryness.  Ignite  dish  at  red  heat,  cool  in 
dessicator  and  weigh.  Assume  residue  to  be  entirely  composed 
of  iron  oxide.  Calculate  to  iron  and  subtract  this  value  from  the 
weight  of  the  sample,  calling  the  difterence  silicon. 

Notes  on  the  Analysis. 

1.  Nitric  acid  must  be  added  first  to  prevent  the  volatilization 
of  iron,  sulphur,  phosphorus,  etc.,  as  fluorides. 

2.  By  keeping  the  solution  hot  it  is  possible  to  maintain  a 
much  more  even  rate  of  decomposition.  When  hydrofluoric  acid 
is  added  to  a  cold  solution  the  reaction  is  very  apt  to  start  with 
such  violence  as  to  eject  the  contents  of  the  dish. 

3.  The  treatment  with  sodium  carbonate  prior  to  transferring 
the  solution  from  platinum  to  glass  is  necessary  because  of  the 
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traces  of  free  hydrofluoric  acid  invariably  present  in  the  acid 
solution.  For  the  determination  of  sulphur  and  phosphorus  it 
is  obviously  impossible  to  make  use  of  a  sulphuric  acid  evapora- 
tion to  remove  the  last  traces  of  fluorine.  Likewise,  the  contents 
of  the  dish  cannot  be  evaporated  to  dryness  and  baked  owing  not 
only  to  the  danger  of  volatilizing  phosphorus,  but  also  to  the  diffi- 
culty of  getting  the  ignited  oxides  back  into  solution. 

By  the  addition  of  sodium  carbonate,  the  traces  of  fluorine  re- 
maining are  converted  to  the  fluoride  and  this  is  later  removed 
by  precipitation  with  calcium  chloride  in  the  sulphur  determina- 
tion. Before  this  method  was  adopted  the  etching  of  beakers 
and  cover  glasses  was  quite  noticeable,  while  the  presence  of 
gelatinous  silica  made  filtrations  most  difficult. 

4.  It  is  to  be  noted  that  in  no  case  is  there  an  evaporation  of 
a  ferric  chloride  solution  in  contact  with  platinum.  This  elimi- 
nates another  source  of  loss  of  that  expensive  metal. 

THE  VOLATILIZATION   OF   PHOSPHORUS   FROM    FERRO-SILICON. 

In  the  course  of  the  experiments  for  evolving  the  rapid  method 
for  the  commercial  analysis  of  ferro-silicon  just  described,  the 
analytical  procedures  as  worked  out  were  tested  on  several  sam- 
ples of  ferro-silicon  that  had  been  previously  analyzed  by  the 
Pittsburgh  Testing  Laboratories  by  the  regular  method  of  pro- 
cedure. 

The  new  method  gave  excellent  checks  in  all  but  the  phosphorus 
determinations,  and  here,  invariably,  percentages  were  obtained 
that  were  approximately  half  of  that  quoted,  as  the  following, 
data  shows: 

Percent  of  Phosphorus  ^ 

No.  of  Sample  P.  T.  L.  Rapid  Method  •:    > 

410  0.022  0.0103 

411  0.044  0.022  '-   •' 

Feeling  quite  certain  that  the  fault  did  not  lie  in  the  method 
but  in  the  sample  itself,  the  author  repeated  his  work,  this  time 
using  an  oxidizing  flux  of  carbonate  and  nitrate  to  break  down 
the  alloy.  The  results  thus  obtained  also  proved  to  be  about  half 
the  reported  values  for  phosphorus. 

Sample  No.  411  was  then  returned  to  the  Pittsburgh  Testing 
Laboratories   for  a  new  determination  of  phosphorus.     While 
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waiting  for  their  report,  an  investigation  of  the  laboratory  files 
showed  that  the  first  analysis  had  been  made  in  February,  1908, 
almost  ten  years  previously. 

In  due  time  the  Pittsburgh  Testing  Laboratories  reported  on 
the  phosphorus  content  of  the  sample,  their  value  being  0.020  per- 
cent, a  very  satisfactory  check  upon  the  value,  0.022  percent  ob- 
tained by  the  rapid  method. 

From  the  above  it  seems  reasonable  to  conclude  that  the  vola- 
tilization of  phosphorus  from  ferro-silicon  is  considerable,  even 
Vv'hen  the  alloy  is  kept  in  a  dry  place  enclosed  in  screw-topped 
glass  jars. 

7'he  FitzGeraJd  Laboratories,  Inc., 

Niagara  Falls,  N.  Y. 

August  30,  1917. 


DISCUSSION. 

T.  D.  Yensen^  :  I  regret  very  much  that  Mr.  Lowe  has  left  out 
■carbon  from  his  list  of  elements.  We  are  very  much  interested 
in  the  determination  of  carbon  in  silicon,  and  I  should  like  to  ask 
Mr.  Lowe  if  the  direct  combustion  method  will  burn  all  of  the 
carbon  out  of  the  silicon  so  that  accurate  analyses  can  be  ob- 
tained that  way? 

I  should  also  like  to  ask  ]\Ir.  Lowe  if  there  is  any  means  of 
getting  the  carbon  eliminated  from  the  silicon  without  at  the 
same  time  oxidizing  the  silicon?  If  this  is  not  possible,  is  there 
any  way  of  obtaining  silicon  that  is  carbon-free? 

R.  E.  Lowe  :  In  the  various  samples  of  ferro-silicon  that  have 
come  to  our  attention  we  have  found  that  the  maximum  carbon 
content  in  the  50  percent  alloy  is  0.2  percent.  So,  in  working  up 
this  method  of  commercial  procedure,  we  neglected  carbon,  as  it 
was  rarely  called  for  in  specimens  that  came  to  us  for  analysis. 
AVe  found  that  it  was  impossible  to  determine  carbon  by  the  direct 
ignition  of  the  alloy  in  oxygen,  it  being  necessary  to  mix  the  sam- 
ple with  a  considerable  quantity  of  red-lead  before  making  the 
determination  by  the  regular  oxygen  combustion  method.     This 
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red-lead  method  is  decidedly  disagreeable,  and  I  do  not  believe 
that  it  is  particularly  accurate,  as  one  cannot  use  a  large  sample. 
The  combustion  is  so  furious  that  if  a  gram  sample  is  taken  for 
analysis  the  combustion  tube  is  very  apt  to  be  ruined.  We  did 
iind  that  by  taking  the  very  slight  residue  remaining  after  the 
nitric-hydrofluoric  acid  treatment,  and  weighing  it  as  mixed  car- 
borundum and  graphite,  then  igniting  and  weighing  again,  it  is 
possible  to  determine  the  carbon  present  as  silicon  carbide  and  as 
graphite. 

I  do  not  know  of  any  method  of  producing  carbon-free  silicon 
in  the  electric  furnace,  or  of  a  method  of  treating  silicon  to  render 
it  carbon-free. 

R.  E.  Lowe  {Comimmicatcd)  :  It  has  been  found  advisable 
to  discontinue  the  practice  of  covering  the  platinum  dish  with  a 
watch-glass  during  the  nitric-hydrofluoric  acid  treatment,  owing 
to  the  fact  that  a  determination  of  calcium  may  at  times  be  called 
for,  and  chemical  glassware  is  usually  made  from  a  lime  glass. 


A    paper    presented    at    the    Thirty-second  ■ 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917,  President  Fink  in  the  Chair. 


INFLUENCE    OF    TEMPERATURE    OF    MEASUREMENT    ON    THE 

ELECTRICAL     RESISTIVITY    AND     THERMO-ELECTRO- 

MOTIVE  POTENTIAL  OF  SOLUTES  IN  STEELS. 

By  Edward  D.  Campbell.* 

It  is  now  more  than  a  century  since  Proust,  in  France,  first 
stated  that  white  cast  iron  should  be  regarded  as  a  soHdified  solu- 
tion of  carbides  of  iron  in  iron,  and  more  than  a  half  century 
since  Matthiessen,  in  England,  also  maintained  that  steel  and 
other  alloys  should  be  considered  as  solid  solutions,  the  electrical 
properties  of  which  are  dependent  upon  the  chemical  compo- 
sition. The  solution  theory  of  metals  is  now  nominally  accepted 
by  most  metallurgists  and  physicists  and  yet  the  question  may 
be  raised  as  to  how  many  experimenters  have  accepted  the  essen- 
tial unity  of  mechanism  of  metallic  and  aqueous  solutions,  and 
have  based  their  experimental  work  on  this  conception. 

In  studying  the  properties  of  ordinary  solutions  the  part  played 
by  the  solvent  is  clearly  differentiated  from  that  played  by  the 
solutes.  It  is  those  solutes  which  are  in  solution  that  are  capable 
of  reacting  with  electrical  energy  transporting  it  as  an  electric 
current  or  with  radiant  energy  such  as  light,  producing  absorp- 
tion or  refraction.  In  1915  (Journal  of  Iron  and  Steel  Institute, 
1915,  No.  II,  p.  164)  the  author  brought  forward  experimental 
evidence  to  show  that  the  electrical  resistivity  of  steels  is  a  func- 
tion of  the  concentration  of  the  carbides  or  other  solutes  in  solu- 
tion. A  year  later  (Journal  of  Iron  and  Steel  Institute,  1916, 
No.  II,  p.  268,  and  Transactions  of  The  Faraday  Society,  Vol. 
XII,  1917,  p.  274)  the  dependence  of  the  electrical  resistivity  on 
the  concentration  of  the  solutes  was  confirmed;  and  it  was  further 
shown  that  if  carbides  are  the  only  solutes  present  the  thermo- 
electromotive  potential  of  these  carbides  is  also  a  function  of  the 
concentration.  The  hypothesis  was  advanced  at  that  time  that 
it  is  the  molecules  of  solutes  in  solution  which  are  capable  of 
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reacting  with  electrical  energy  transforming  it  into  heat,  thus 
causing  electrical  resistivity.  Electrical  conductance  seems  to 
take  place  almost  wholly  through  the  solvent,  while  the  total 
resistivity  seems  to  be  made  up  of  two  components — first,  that 
portion  due  to  the  solvent,  and,  second,  that  due  to  the  solutes 
in  solution.  It  has  been  known  for  many  years  that  the  tempera- 
ture coefficient  of  electrical  resistivity  of  nearly  all  strictly  pure 
metals  is  approximately  constant  between  0°  C.  and  100°  C, 
while  the  temperature  coefificient  of  impure  metals  and  alloys  is 
always  lower  than  that  of  pure  metals,  often  being  very  small  or 
even  negative.  In  determining  the  temperature  coefificient  of 
resistivity  it  is  customary  to  determine  the  specific  resistance  of 
the  metal  as  a  whole  at  two  or  more  temperatures  and  calcv;late 
the  change  in  specific  resistance  to  a  percentage  basis  of  the  spe- 
cific resistance  at  a  standard  temperature.  No  attention  is  paid 
to  the  solution  theory  of  metals,  for  the  real  acceptance  of  this 
conception  would  require  that  the  total  specific  resistance  be  re- 
garded as  made  up  of  two  components — first,  that  due  to  the 
solvent,  and,  second,  that  due  to  the  solutes,  with  the  presump- 
tion that  the  laws  governing  the  two  portions  might  differ. 

If,  under  the  solution  theory,  the  total  specific  resistance  is  to 
be  regarded  as  made  up  of  two  components,  it  would  be  only 
reasonable  to  expect  that  under  the  same  conception  the  thermo- 
electromotive  potential  of  a  metallic  solution  might  also  be  re- 
garded as  made  up  of  two  components — that  due  to  the  solvent 
and  that  due  to  the  solutes  in  solution. 

The  principal  objects  of  the  present  investigation,  the  labora- 
tory work  of  which  was  carried  on  by  William  C.  Dowd,  M.S., 
were  to  bring  forward  some  further  experimental  evidence  of 
the  essential  unity  of  mechanism  of  metallic  and  aqueous  solu- 
tions and  to  show  that  while  the  electrical  properties  of  metals 
are  dependent  upon  the  chemical  constitution,  the  effect  of  changes 
in  temperature  of  measurement  on  that  portion  of  the  properties 
due  to  solvent  are  not  the  same  as  those  controlling  that  portion 
due  to  solutes  in  solution. 

EXPERIMENTAI,. 

Steel  is  one  of  the  best  materials  with  which  to  study  the  solu- 
tion theory  of  metals  because  the  solvent  iron  is  capable  of  exist- 
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ing  in  at  least  two  allotropic  forms,  and  certain  solutes,  noticeably 
carbides,  are  quite  readily  soluble  in  iron  in  the  gamma  condition, 
although  only  slightly  soluble  in  alpha  iron.  It  is  the  difference 
in  the  solvent  and  dissociating  power  of  iron  in  its  various  allo- 
tropic forms  that  enables  the  concentration  of  certain  solutes, 
particularly  carbides,  to  be  controlled  by  heat  treatment ;  thus 
modifying  the  chemical  constitution  without  change  in  the  ulti- 
mate composition.  The  stock  samples  of  steels  used  in  the  present 
research  were  furnished  by  the  courtesy  of  the  American  Rolling 
Mill,  the  Bethlehem,  the  Carpenter,  the  Halcomb  and  the  Mid- 
vale  Steel  Companies,  and  have  the  composition  shown  in  Table 
I,  in  which  the  steels  are  arranged  in  order  of  the  carbon  content. 


Carbon 
'Percent 


INI 

0.018 

SN3 

0.104 

M8 

0.326 

H12 

0.61 

C5 

0.945 

SNl 

1.11 

MNl 

1.15 

INC 

1.18 

Manganese 
Percent 


0.016 
0.122 
0.405 
0.25-0.35 
0.189 
0.40 
11.57 
0.016 


0.005 

0.03 

0.013 

0.020 

0.013 

0.020 

0.055 

0.005 


Table  I. 


Phos- 
phorus 
Percent 


Sulphur 
Percent 


0.018 

0.025 
0.026 
0.020 
0.016 
0.038 
0.023 
0.018 


Silicon 
Percent 


Copper;  Nickel    Chromium      Tungsten 
Percent;  Percent      Percent  Percent 


0.018 


3.649 

0.162 

0.20-0.30 

0.155 

1.20 

0.25 


0.018 


4.48 


0,20-0.30    5.00-5.25 


0.06   i  0.31      0.348 


With  the  exception  of  the  sample  marked  INC,  stock  samples 
of  all  the  steels  were  annealed  by  heating  over  night  in  an  elec- 
trically heated  furnace  to  the  temperature  given  in  each  case  and 
allowing  the  steel  to  cool  with  the  furnace  for  twenty-four  hours. 
From  the  stock  bars,  which  were  thus  very  carefully  annealed 
under  conditions  which  would  completely  prevent  oxidization, 
small  experimental  bars  6  millimeters  square  and  15  centimeters 
in  length  were  machined  out.  These  experimental  bars  were  used 
for  studying  the  influence  of  heat  treatment  on  the  electrical  prop- 
erties. 

The  sample  marked  INC  was  prepared  by  carburizing  small 
bars  of  INI,  twelve  of  these  small  bars  being  carefully  packed 
in  a  carburizing  mixture  made  up  of  ^  barium  carbonate,  % 
animal  charcoal  and  y^  wood  alcohol.  The  muffle  containing  the 
bars  packed  in  the  carburizing  mixture  was  heated  over  night  in 
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an  electrically  heated  furnace,  the  maximum  temperature  reached 
the  next  day  being  969°  C.  The  temperature  was  then  maintained 
for  two  days  between  960°  C.  and  945°  C,  allowed  to  cool  over 
night  to  845°  C,  maintained  one  day  at  845°  C,  and  the  next 
day  held  between  820°  C.  and  800°  C,  after  which  the  furnace 
was  allowed  to  cool  to  room  temperature.  Analysis  of  the  bars 
showed  1.18  percent  carbon,  and  a  micro-section  showed  that  car- 
burization  had  proceeded  through  the  entire  bar ;  in  fact,  the  ex- 
cess cementite  tended  to  be  more  marked  in  the  center  than  near 
the  periphery  of  the  bars. 

In  order  to  harden  the  steels,  bars  were  suspended  in  an  elec- 
trically heated  furnace  Avhich  had  been  previously  brought  to  the 
temperature  from  which  it  was  desired  to  quench.  The  furnace 
was  so  arranged  that  the  bars  could  be  suspended  in  it  for  an 
indefinite  length  of  time  without  any  oxidation  taking  place.  The 
bars  were  kept  in  the  furnace  for  one  hour  to  ensure  their  attain- 
ing the  same  temperature  as  that  of  the  furnace,  which  was  meas- 
ured by  means  of  a  standard  platinum-rhodium  thermo-couple, 
placed  within  two  or  three  millimeters  of  the  bars.  When  the 
bars  had  come  to  constant  temperature  they  were  withdrawn  from 
the  furnace  and  quickly  cooled  in  a  large  volume  of  iced  water. 
The  time  required  to  transfer  a  bar  from  the  furnace  to  the  cool- 
ing bath,  taken  with  a  stop-watch,  averaged  four-fifths  of  a  sec- 
ond. The  time  required  to  cool  from  the  quenching  temperature 
to  a  black  heat  outside  Avas  from  four-fifths  of  a  second  to  one 
second,  and  until  the  bars  reached  the  temperature  of  the  cooling- 
bath  from  five  to  six  seconds.  During  the  time  the  bars  were 
being  transferred  from  the  furnace  to  the  quenching-bath  a  film 
of  oxide  was  formed  on  the  surface,  but  this  was  so  slight  as  to 
constitute  only  a  discoloration. 

When  the  bars  had  been  quenched  they  were  carefully  polished 
and  measurements  made  of  the  specific  resistance  at  25°  C,  and 
of  the  thermo-electromotive  potential  over  a  temperature  gradient 
of  0°  C.  to  25°  C,  the  freshly  quenched  bars  being  opposed  to 
annealed  bars  of  the  same  steel.  Since  it  was  desired  to  study 
the  influence  of  temperature  of  measurement  on  the  specific  re- 
sistance and  thermo-electromotive  potential  of  the  steels  and  since 
the  solid  solution  in  freshly-quenched  steel  is  distinctly  unstable, 
it  was  necessary  to  bring  these  steels  to  a  state  which  would  be 
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fairly  stable  at  temperatures  up  to  100^  C.  This  was  done  by 
placing  the  freshly-quenched  bars,  after  the  measurements  of  spe- 
cific resistance  and  thermo-electromotive  force  at  25°  C.  had 
been  made,  in  an  electrically  heated  drying  oven  maintained  at 
105°  C.  and  allowing  the  bars  to  temper  at  this  temperature  from 
two  to  three  days.  x\fter  tempering  at  105°  C.  in  this  way,  meas- 
urements of  the  specific  resistances  were  made  at  25°  C,  40°  C, 
60°  C,  80°  C,  and  100°  C,  and  also  of  the  thermo-electromotive 
potentials  over  the  temperature  gradients  0°  C.  to  25°  C,  40°  C, 
60°  C,  80°  C,  and  100°  C,  the  tempered  bars  being  opposed  to 
annealed  bars  of  the  same  steel. 

The  resistivities  were  determined  by  measuring  the  fall  in 
potential  between  knife-edges  clamped  to  the  bar  10  centimeters 
apart,  while  a  current  of  constant  density  was  flowing  through 
the  bar.  The  fall  of  potential  was  compared  with  that  given  by 
a  standard  resistance  which  had  been  calibrated  by  means  of  a 
Siemens  and  Halske  potentiometer  and  a  certified  standard  cell. 
The  knife-edges  are  bolted  to  a  small  glass  plate  to  ensure  con- 
stancy of  distance  apart,  and  the  bars,  during  the  measurements, 
were  immersed  in  a  bath  of  paraffin  oil,  the  temperature  of  which 
could  be  maintained  at  any  desired  point  during  the  measure- 
ment. Measurements  could  be  easily  duplicated  to  within  less 
than  0.05  microhm,  and  it  is  thought  that  the  values  given  do  not 
differ  more  than  0.2  microhm  from  their  absolute  value. 

The  thermo-electromotive  force  developed  over  the  temperature 
gradient  0°  C.  to  25°  C,  40°  C,  60°  C,  80°  C,  and  100°  C,  was 
determined  by  the  following  method:  Three  bars  of  the  same 
steel  and  of  the  same  heat  treatment  were  fastened  together  by 
means  of  small  pure  iron  clamps  so  as  to  form  a  triple  bar  about 
43  centimeters  in  length.  One  end  of  this  triple  bar  was  clamped 
to  one  end  of  a  similar  triple  bar  which  in  the  case  of  freshly- 
quenched  or  tempered  bars  was  made  up  of  three  small  bars  of 
the  same  steel  in  the  annealed  condition.  The  thermo-electro- 
motive potential  of  annealed  bars  was  obtained  by  opposing  to  a 
triple  bar  of  the  annealed  steels  a  triple  bar  made  up  of  pure 
ingot  iron.  The  compound  bars  were  so  shaped  that  the  point  of 
connection  of  the  heat  treated  and  annealed  triple  bars  was  im- 
mersed in  the  oil  bath  also  used  for  specific  resistances.  By  means 
of  small  clamps  machined  out  of  carefully  annealed  ingot  iron, 
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pure  iron  wire  leads  were  attached  to  the  outer  ends  of  the  twi> 
triple  bars.  The  upper  temperature  was  that  of  the  oil  bath  in 
which  the  connected  inner  ends  of  the  two  triple  bars  were  im- 
mersed. The  lower  temperature  of  the  gradient  was  obtained  by 
supporting  the  outer  ends  of  the  triple  bars  in  two  large  assay 
crucibles  filled  with  crushed  ice.  A  vertical  slot  7  or  8  millimeters 
wide  and  5  centimeters  deep  was  sawed  in  each  crucible,  the 
bottom  of  the  slot  serving  as  a  support  for  one  end  of  the  triple 
bar.  A  small  hole  was  drilled  in  the  bottom  of  the  crucible  to 
prevent  accumulation  of  water  and  the  crushed  ice  was  prevented 
from  falling  out  through  the  slot  by  a  small  piece  of  sheet  copper, 
bent  so  as  to  hang  from  the  top  of  the  crucible  on  the  inside,  but 
not  quite  reaching  to  the  bottom. 

The  ends  of  the  pure  leads  not  connected  to  the  compound  bars 
were  attached  by  means  of  small  connectors  to  the  copper  con- 
ductors leading  to  the  galvanometer.  The  connectors  joining  the 
iron  leads  and  copper  conductors  were  placed  in  a  small  bottle 
of  paraffin  oil,  the  object  of  this  being  to  ensure  both  connectors 
being  at  the  same  temperature.  The  galvanometer  used  is  the 
same  as  that  employed  in  measuring  specific  resistances  and  the 
deflections  are  converted  into  micro-volts  by  comparing  with  those 
obtained  by  connecting  to  a  standardized  resistance  through  which 
a  known  current  was  passed.  Six  micro-volts  produced  one  milli- 
meter deflection  on  the  galvanometer  scale,  on  which  by  means 
of  a  telescope  and  cross  hair,  tenths  of  a  millimeter  can  be  esti- 
mated. Duplicate  determinations  could  be  kept  inside  of  five  or 
six  micro-volts,  and  it  is  thought  that  the  values  obtained  are  not 
more  than  ten  micro-volts  from  their  true  value. 

The  sj)ecific  resistances  of  the  pure  iron  and  seven  steels  are 
shown  in  Table  II,  in  which  table  the  steels  are  arranged  accord- 
ing to  their  carbon  content.  In  this  table  the  first  column  indi- 
cates the  name  of  the  steel ;  the  second,  the  percent  of  carbon  ; 
the  third,  the  heat  treatment ;  the  succeeding  five  columns  give 
the  specific  resistances  at  the  different  temperatures ;  while  the 
last  column  gives  the  increase  in  specific  resistance  from  25°  C. 
to  100°  C.  The  difference  in  the  specific  resistance  of  freshly 
quenched  samples  and  the  same  steels  after  tempering  at  105°  C. 
both  being  measured  at  25°  C,  clearly  shows  the  instability  of 
the   solid   solution   in   freshly   quenched   metal   and   why   it   was 
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necessary  to  temper  at  105°  C.  if  consistent  results  were  to  be 

obtained  with  temperature  of  measurement  as  high  as  100°  C. 

Since  such  a  large  proportion  of  the  total  resistivity  is  due  to 

solutes  in  solution  and  since  annealing  produces  precipitation  of 


O'      /O'     20°    JO'     -^O'    S0°     60'    70'    60'     90'    /OO'  110'    /20' 

Temperature  or  Measuhement 

Fig.  1. 


some  of  the  solutes,  particularly  carbides,  if  we  subtract  from  the 
resistivity  of  tempered  steel  the  resistivity  of  the  same  metal  in 
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the  annealed  condition  we  would  have  that  portion  of  the  elec- 
trical resistivity  which  is  due  to  those  solutes  which  are  in  solu- 
tion in  the  tempered,  but  not  in  solution  in  the  annealed,  steel. 
These  differences  of  resistivities  are  given  in  Table  III  and  are 
shown  graphically  in  Fig.  1,  in  which  also  is  shown  the  absolute 
resistivity  of  pure  iron. 


Table  III. 


Difference 

of  Resistivity  of  Steel  Tempered 

at  105°  C. 

Increase  in   Resis- 

Steel 

Percent 

after 

Quenching  and   Same 
Measured  a 

Steel   Annealed 

tivity  of  Solutes 
25°  C.-100°  C. 

25°  C. 

40"  C. 

1.80 

60°  C. 

80°  C. 

100°  c. 

SX3 

0.104 

1.85 

1.72 

1.64 

1.50 

—0.35 

MS 

0.326 

3.31 

3.31 

3.25 

3.23 

3.12 

—0.19 

H12 

0.61 

7.2,Z 

7.2,0 

7.32 

7.37 

7.Z7 

0.04 

C5 

0.945 

9.19 

9.44 

9.62 

9.72 

9.77 

0.58 

SNl 

1.11 

21.97 

22.09 

22.24 

22.38 

22.33 

0.36 

MNl 

1.15 

14.23 

14.54 

14.85 

15.01 

15.01 

0.78 

INC 

1.18 

14.51 

14.76 

15.08 

15.43 

15.93 

1.42 

The  results  of  the  thermo-electromotive  potential  measurements 
are  given  in  Table  IV,  in  which  the  steels  are  arranged  in  the 
same  order  as  in  the  preceding  table  and  shown  graphically  in 
Fig.  2.  In  this  table  the  thermo-electromotive  potential  of  the 
freshly  quenched  and  that  of  the  samples  tempered  at  105°  C, 
is  the  potential  due  to  those  solutes  which  are  in  solution  in  the 
quenched  or  tempered  samples,  but  which  are  not  in  solution  in 
the  same  steel  in  the  annealed  condition  since  in  making  these 
determinations  the  steel  in  the  annealed  condition  is  opposed  to 
the  same  steel  quenched  or  tempered,  as  the  case  may  be.  The 
thermo-electromotive  potential  of  the  annealed  steels  was  the 
difference  in  the  thermo-electromotive  potential  of  the  annealed 
steel  and  that  of  pure  iron,  since  in  making  these  determinations 
bars  of  the  annealed  steels  were  opposed  to  triple  bars  of  ingot 
iron.  The  thermo-electromotive  potential  of  quenched  or  tem- 
pered bars  may  be  readily  calculated  by  adding  the  thermo-elec- 
tromotive potential  obtained  when  these  bars  are  opposed  to  the 
same  steel  annealed  to  that  obtained  when  the  annealed  bars  are 
opposed  to  ingot  iron. 
14 
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In  Table  V  are  given  the  thermo-electromotive  potentials  of 
three  steel^s  in  both  the  annealed  and  tempered  condition  when 
opposed  to  pure  iron.     The  reason   for  selecting  these  steels  is 
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Fig.  2. 


that  in  the  steel  marked  INC  we  have  a  high  concentration  of 
carbides  only  as  the  solutes,  in  SN3  there  is  a  very  high  concen- 
tration of  silicides  with  a  small  content  of  carbides,  and  in  SNl 
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there  is  a  rather  high  concentration  of  both  carbides  and  siHcides. 
The  results  given  in  Table  V  are  shown  graphically  in  Fig.  3. 

An  examination  of  the  data  given  in  Tables  II  and  III  and  of 
the  curves  shown  in  Fig.  1,  clearly  reveals  that  the  portion  of 
the  electrical  resistivity  due  to  the  carbides  or  other  solutes  in 
solution  does  not  follow  the  same  law,  as  far  as  the  influence  of 
temperature  of  measurement  goes,  as  does  the  electrical  resistivity 
of  pure  iron,  the  solvent.  The  electrical  resistivity  due  to  car- 
bides increases  somewhat  with  the  temperature  of  measurement, 
although  the  coefficient  of  this  increase  would  not  be  more  than 
about  one- fourth  that  of  pure  iron,  while  the  electrical  resistivity 
due  to  silicides  in  solution  has  a  small  negative  temperature 
coefficient.  The  temperature  coefficient  of  the  electrical  resistivity 
due  to  tungsten  or  nickel  in  solution  seems  to  be  also  slightly 
negative. 

Viewed  in  the  light  of  the  solution  theory  in  the  full  sense  of 
the  term,  the  influence  of  heat  treatment  on  the  resistivity  of  steels 
becomes  quite  clear.  If  in  any  solution  it  is  those  molecules  of 
solutes  in  solution  which  are  most  reactive  toward  different 
forms  of  energy,  then  a  piece  of  steel  in  the  freshly  hardened 
condition  should  have  its  maximum  specific  resistance  since  such 
a  piece  of  freshly  hardened  metal  would  have  the  maximum  pro- 
portion of  its  solutes  in  solution  and  consequently  these  solutes 
would  transform  a  maximum  amount  of  electrical  energy  into 
heat,  thus  causing  maximum  electrical  resistivity.  The  electrical 
resistivity  of  steel  is  a  function  of  the  total  molecular  concentra- 
tion of  all  solutes  actually  in  solution. 

A  study  of  the  data  in  Tables  IV  and  V  and  of  the  curves 
shown  in  Figs.  2  and  3  reveals  at  once  that  the  thermo-electro- 
motive  potential  due  to  solutes  in  solution  is  not  a  function  of  the 
molecular  concentration  of  the  solutes  actually  in  solution,  as  is 
the  electrical  resistivity.  From  the  data  in  Table  IV  and  curves 
in  Fig.  2  it  will  be  noted  from  steels  C5,  INC  and  MNl  that, 
within  limits  of  experimental  error  and  over  the  temperature 
range  0°  C.  to  100°  C,  the  thermo-electromotive  potential  due  to 
a  single  solute  in  solution  is  a  linear  function  of  the  temperature. 
In  case  of  two  or  more  solutes  in  solution  at  the  same  time  this 
would  not  hold,  as  is  shown  in  case  of  steels  SNl,  SN3,  M8  and 
H12.     The  thermo-electromotive  potential  of  a  single  solute  is 
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dependent  upon  the  composition  of  the  solute  and  its  concentra- 
tion. A  hypothesis  that  the  thermo-electromotive  potential  of  a 
solute  in  metallic  solution  is  analogous  to  the  solution  tension 
of  an  electrolyte  in  an  aqueous  solution,  would  offer  a  reasonable 
explanation  for  the  thermo-electromotive  potential  results  found 
in  the  present  investigation.  This  is  best  shown  from  the  data 
in  Table  V  and  curves  in  Fig.  3. 

If  an  electrolytic  cell  be  set  up  with  a  single  electrolyte  A,  the 
electromotive  force  of  such  cell  will  depend  upon  the  solution 
tension  of  the  electrolyte  and  the  concentration.  If  a  second  cell 
with  a  single  electrolyte  B,  whose  solution  tension  is  higher  than 
that  of  A,  be  set  up,  it  will  also  have  an  electromotive  force  de- 
pendent upon  the  solution  tension  and  concentration  of  the  elec- 
trolyte B.  If  a  third  cell  be  set  up  with  a  mixture  of  the  electro- 
lytes A  and  B,  it  will  have  an  electromotive  force  intermediate 
between  that  of  A  and  B,  always  being  higher  than  that  which 
would  be  found  with  A  alone,  but  lower  than  if  B  were  the  only 
electrolyte.  Electrical  conductance  in  aqueous  solutions  is  de- 
pendent upon  the  total  ionic  concentration,  but  is  not  dependent 
upon  the  solution  tension  of  the  solutes,  this  latter  being  wholly 
dependent  upon  chemical  composition. 

In  steel  INC  we  have  a  single  solute,  carbides,  the  thermo- 
electromotive  potential  of  which  is  dependent  upon  the  concen- 
tration of  the  carbides  brought  into  solution  by  hardening.  The 
thermo-electromotive  potential  of  the  hardened  metal  is  higher 
than  that  of  the  same  steel  in  the  annealed  condition.  In  case  of 
the  steel  SN3  we  have  a  very  high  concentration  of  silicides  which 
seems  to  be  almost  as  soluble  in  alpha  iron  as  in  iron  in  the  gamma 
form;  but  in  the  annealed  metal  the  carbides  corresponding  to 
0.104  percent  carbon  would  be  almost  completely  precipitated. 
On  hardening  such  a  metal  the  carbides  would  go  into  solution 
and  we  would  have  in  solution  a  high  concentration  of  silicides 
together  with  a  low  concentration  of  carbides  and,  in  consequence, 
a  thermo-electromotive  potential  slightly  lower  than  that  which 
is  given  by  the  annealed  steel  in  which  the  silicides  alone 
were  in  solution.  Owing,  however,  to  a  slight  increase  in 
molecular    concentration    of    solutes    in    the    hardened    metal, 
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the  electrical  resistivity  is  correspondingly  increased.  This 
effect  of  two  solutes  in  solution  is  shown  still  more  strikingly  in 
the  case  of  SNl  in  which  we  have  1.20  percent  and  1.11  percent 
carbon.  In  the  annealed  condition  the  greater  part  of  the  car- 
bides would  be  precipitated  and  the  thermo-electromotive  poten- 
tial would  be  due  to  the  silicides  alone.  On  hardening,  however, 
the  carbides  would  pass  into  solution,  and  since  the  thermo-elec- 
tromotive potential  of  carbides  is  much  less  than  that  of  silicides, 
the  thermo-electromotive  potential  of  the  hardened  or  tempered 
metal  would  be  lower  than  that  of  the  same  metal  annealed, 
although  the  specific  resistance  would  be  very  much  increased. 

SUMMARY   OF   CONCLUSIONS. 

1.  The  total  electrical  resistivity  of  steel  is  made  up  of  two 
components,  that  portion  due  to  the  solvent  iron,  and  that  portion 
due  to  solutes  in  solution,  the  two  portions  not  following  the  same 
laws  so  far  as  the  temperature  of  measurement  is  concerned. 

2.  The  temperature  coefficient  of  the  electrical  resistivity  due 
to  carbides  in  solution  is  positive,  but  only  about  one-fourth  as 
great  as  that  of  pure  iron. 

3.  The  temperature  coefficient  of  the  electrical  resistivity  due 
to  silicides,  as  well  as  that  portion  due  to  tungsten  and  nickel 
in  solution,  is  small  but  negative. 

4.  The  thermo-electromotive  potential  of  a  single  solute  in 
solution  is  dependent  upon  the  chemical  composition  and  con- 
centration and  is  a  linear  function  of  the  temperature. 

5.  When  two  or  more  solutes  are  in  solution  at  the  same  time 
the  thermo-electromotive  potential  due  to  these  solutes  is  not  a 
linear  function  of  the  temperature  and  not  dependent  upon  the 
total  molecular  concentration. 

6.  To  account  for  the  observed  phenomena  of  thermo-electro- 
motive potential,  the  hypothesis  is  advanced  that  the  thermo- 
electromotive  potential  of  solutes  in  metallic  solution  is  analogous 
to  the  solution  tension  of  electrolytes  in  aqueous  solution. 

University  of  Michigan, 
June,  1917. 
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DISCUSSION. 

Prof.  W.  D.  Bancroft^  :  This  is  a  very  interesting  paper,  but 
I  think  there  are  one  or  two  points  that  the  author  either  over- 
looked or  does  not  lay  quite  sufficient  stress  upon.  For  instance, 
I  do  not  believe  that  you  can  get  anywhere,  considering  the  re- 
sistance of  the  two-phase  system,  if  you  simply  take  into  account 
the  composition  and  ignore  the  structure.  Suppose  there  are 
two  phases,  one  of  high  and  the  other  of  low  resistance.  Now, 
if  the  phase  having  the  high  resistance  happens  to  be  the  internal 
phase,  and  the  other  one  is  the  external,  or  continuous  phase, 
then  the  high  resistance  part  merely  acts  more  or  less  as  a  hole, 
as  the  current  does  not  flow  through  it  to  any  appreciable  extent. 
If,  on  the  other  hand,  you  have  the  phase  of  low  resistance,  sur- 
rounded by  the  high  resistance  phase,  the  current  must  flow 
through  the  latter  and  you  get  an  entirely  different  resistance. 

This  was  brought  out  clearly  by  Mr.  Fink  in  mixtures  of  thoria 
and  tungsten.  With  the  same  percentage  composition  he  got 
either  a  white  mixture  which  did  not  conduct  electricity  or  a 
black  one  which  did,  depending  on  the  relative  sizes  of  the  two 
powders.  If  you  have  an  interlacing  system,  where  each  phase 
is  continuous,  you  get  another  state  of  things.  I  see  no  satis- 
factory way  of  accounting  for  the  two-phase  system  if  you  ignore 
the  structure,  which  Mr.  Campbell  seems  to  have  done. 

Then,  as  regards  the  thermo-electric  force,  that  is  not  analo- 
gous to  the  potential  difference  between  a  metal  and  a  solution. 
In  the  latter  case  you  get  transport  of  ponderable  material  when 
the  current  flows.  If  you  have  the  solid  metal  in  contact  with  a 
solid  solution,  you  have  no  transport  of  ponderable  material,  and 
consequently  the  two  things  are  quite  different.  The  thermo- 
electric force  is  an  effect  due  to  difference  of  temperature,  and 
it  would  correspond  to  the  thermo-electric  force  of  a  Daniel  cell, 
which  depends  upon  the  dift'erence  in  the  solution  pressures  of 
the  two  metals  due  to  change  of  temperature,  which  is  a  different 
thing  from  what  Mr.  Campbell  says. 

So,  while  the  data  are  of  great  interest  and  value,  I  am  not  so 
enthusiastic  about  the  hypotheses  which  accompany  them. 

'  Professor  of  Chemistry,   Cornell  University. 
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President  C.  G.  Fink-  :  I  should  like  to  substantiate  Dr.  Ban- 
croft's statement  in  so  far  as  I  disagree  with  Dr.  Campbell.  I 
do  not  see  how  Dr.  Campbell's  theory  will  account  for  conduc- 
tion through  a  crystal,  when  its  ohmic  resistance  is  high,  and  that 
of  the  interface  film  is  low.  Why  should  the  current  prefer  to 
go  through  the  point  of  high  resistance?  A  little  of  it  will  go 
that  way,  to  be  sure,  but  most  of  the  current  flow  will  be  over 
the  surface  of  the  crystal. 

In  another  case,  we  have  a  high  resistance  film,  and  a  high 
conductivity  crystal;  in  this  case  the  current  will  puncture  the 
film  and  pass  through  the  crystal.  (See  Journ.  Physical  Chem., 
21,32(1917).) 

J.  W.  Richards'*  :  I  have  prepared  some  notes  on  this  paper, 
particularly  from  the  electrical  standpoint,  and  I  beg  your  in- 
dulgence if  I  repeat  some  of  the  points  which  Dr.  Bancroft  and 
the  Chairman  have  raised. 

The  experimental  data  which  Prof.  Campbell  has  determined 
and  recorded  in  the  tables  I  regard  as  valuable  experimental  data. 
I  believe  that  is  all  of  value  to  be  found  in  the  paper. 

The  conclusions  drawn  from  the  data  are  based  on  a  theory 
which  may  or  may  not  be  true,  and  by  means  of  inferences  from 
the  data,  most  of  which  are  inadmissible.  If  we  measure  the 
resistivity  of  an  iron  alloy,  it  is  not  admissible  to  deduct  the 
resistivity  of  pure  iron  from  the  observed  resistivity.  The  dif- 
ference does  not  mean  anything  whatever ;  above  all,  it  is  not 
and  cannot  be  the  resistivity  of  the  other  components  of  the 
steel.  The  principle  of  subtracting  two  resistivities,  and  then 
drawing  conclusions  as  to  the  relative  resistivities  of  the  solute 
and  that  of  the  pure  iron,  gives  no  information  of  value,  but 
figures  which  may  be  very  misleading. 

I  therefore  wish  to  place  on  record  my  opinion  that  while  the 
experimental  data  given  by  Prof.  Campbell  are  valuable,  the  con- 
clusions drawn  are  entirely  misleading. 

C.  W.  Spicer*  (Communicated)  :  The  information  contained 
in  this  paper  is  closely  related  to  a  subject  which  I  have  had  in 
mind  for  several  years  but  which  I  have  never  demonstrated. 

'  Director  of   Research,   Chile  Exploration   Company,   New  York   City. 

'  Professor  of  Metallurgy,  Lehigh  University. 

*  Chief  Engineer,  Spicer  Mfg.   Co.,  Plainfield,  N.  J. 


ElyKCTRICAIv   KJvSlSTIVlTY    OF    STi'l'X.  211 

It  is  a  well-known  fact  that  the  resistivity  of  steel  varies  with 
the  carbon  content.  With  this  as  a  basis  I  have  had  in  mind  the 
possibility  of  roughly  checking  the  uniformity  of  the  carbon  con- 
tent of  a  shipment  of  billet-rolled  steel  bars  as  received  from  the 
mill.  While  these  bars  vary  somewhat  in  size  I  have  established 
the  fact  that  the  cross-sectional  area  varies  only  a  small  percent- 
age as  much  as  the  variation  in  the  electrical  resistivity  due  to 
variation  in  carbon  content,  assuming  that  this  latter  variation  is 
greater  than  the  commercial  limits  specified  for  the  steel. 

It  would,  of  course,  not  be  possible  by  the  electrical  test  to  even 
approximately  determine  the  actual  carbon  content.  All  that  was 
intended  to  prove  was  that  any  given  lot  was  reasonably  uniform. 
It  is  a  well-known  fact  that  as  steel  is  handled  in  the  ordinary 
mill,  a  stray  billet  from  some  other  heat  will  sometimes  get  into 
a  lot  of  billets  which  are  supposed  to  be  entirely  from  one  heat. 
This  stray  billet  may  be  of  steel  of  such  a  radically  different 
nature  from  the  lot  into  which  it  strays,  that  its  undetected  use 
might  be  a  very  serious  matter.  The  chemist  at  the  receiving 
plant  might  check  the  mill  analysis  by  taking  samples  from  sev- 
eral bars  out  of  the  shipment,  and  still  not  catch  the  stray  bar. 

The  electrical  test  I  have  in  mind  would  consist  of  two  rugged 
contacts  across  which  each  bar  could  be  laid,  at  some  part  of  the 
process  of  unloading  from  the  railway  car  and  piling  in  the  yard, 
and  the  resistivity  measured  by  one  of  several  possible  ways. 
The  process  could  be  made  extremely  simple  and  rapid  if  the 
results  could  be  relied  upon,  and  would  provide  a  quick,  simple 
and  reasonably  positive  method  of  checking  every  bar  for  uni- 
formity with  the  rest  of  the  lot. 

The  specifications  of  a  large  portion  of  our  tonnage  are  as  fol- 
lows : 

Carbon 0.35  to  0.45  percent 

Manganese   0.50  to  0.80  percent 

Sulphur    below  0.04  percent 

Phosphorus  below  0.04  percent 

The  bars  are  squares  and  rounds,  ranging  from  ^^  to  4  inch. 

The  data  in  Professor  Campbell's  paper,  at  least  superficially, 
seem  to  indicate  that  the  structural  condition  of  the  steel  due  to 
lieat  treatment  has  many  times  greater  effect  tlian  the  variation 
in  carbon.     If  this  is  true,  then  the  temperature  at  the  fiqal  pas- 
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sage  of  the  various  bars  through  the  rolls  might  vary  so  much 
in  a  given  heat  that  such  an  electrical  test  as  I  have  suggested 
would  be  of  no  value  whatever.  I  would  appreciate  some  com- 
ments by  Prof.  Campbell  on  this  subject  in  the  discussion  of  his 
paper. 

Prof.  E.  D.  Campbell  (Commujiicated)  :  Although  few  chem- 
ists could  probably  be  found  who  would  consider  a  mixture  of 
thoria  and  tungsten  as  constituting  a  two-phase  system,  yet  both 
Dr.  Bancroft  and  Dr.  Fink  apparently  so  consider  it,  and  they 
both  apparently  hold  that  the  resistivity  in  a  solid  solution  is  due 
to  a  purely  mechanical  obstruction  to  the  passage  of  the  current, 
and  is  not,  as  has  been  assumed  by  the  author,  dependent  upon 
the  chemical  constitution  of  the  solid  solution,  that  is,  on  the 
atomic  relation  existing  between  the  solutes  and  solvent  which 
make  up  the  solid  solution.  They  assume  that  it  is  the  physical 
structure,  not  the  chemical  constitution,  on  which  the  resistivity 
primarily  depends.  • 

In  reply  to  their  contention  we  would  mention  a  few  facts 
which  may  bear  on  this  point.  If  a  hypo-eutectoid  carbon  steel 
is  cooled  very  slowly  from  a  temperature  of  about  1,000°  C,  or 
above,  the  crystals  or  grains  will  be  found  quite  large,  and  the 
precipitated  carbides,  constituting  the  cementite,  will  be  found 
in  comparatively  large  masses  imbedded'  in  the  alpJia  iron  which 
constitutes  the  main  mass  of  the  system.  If  another  piece  of  the 
same  steel  be  first  hardened  by  quenching  from  a  temperature 
of  about  900°  C,  reheated  to  about  600°  C,  and  then  allowed 
to  cool  slowly,  the  precipitated  carbides  constituting  the  cementite 
will  be  found  to  be  in  the  form  of  very  fine  particles,  fairly  uni- 
formly distributed  throughout  the  iron  in  which  they  are  im- 
bedded. The  total  mass  of  cementite  and  of  imbedding  iron  would 
be  substantially  the  same  in  both  cases,  but  the  size  of  the  par- 
ticles would  be  very  different.  If  the  resistivity  is  due  to  a  purely 
mechanical  obstruction,  these  two  samples,  treated  as  above, 
should  have  widely  different  resistivity,  but,  as  a  matter  of  fact, 
if  there  is  any  difference  it  is  very  slight. 

Again,  if  a  bar  of  ordinary  hypo-eutectoid  steel,  air-cooled  as 
it  comes  from  the  rolls,  be  cut  into  a  number  of  pieces,  one  may 
be  subjected  to  torsion  through  an  angle  of  40°  to  the  inch ;  an- 
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Other  may  be  stretched  cold  until  it  has  been  elongated  15  percent ; 
another  may  be  compressed  cold  until  it  has  been  shortened  10 
percent ;  still  another  may  be  cold  hammered  first  in  one  direction 
and  then  in  another  until  the  grains  are  very  much  broken,  and 
the  Brinnel  hardness  number  has  been  doubled  or  trebled  ;  and 
yet  the  electrical  resistivity  of  such  cold-worked  metal  will  be 
unchanged,  or,  if  changed  at  all,  the  amount  is  so  slight  as  to  be 
negligible  when  compared  with  the  changes  induced  by  heat  treat- 
ment, which  will  change  the  concentration  of  carbides  in  solution. 
The  drastic  cold  working  of  the  steel  would  very  profoimdly 
modify  the  size  and  shape  of  the  crystals  or  grains.  It  would 
produce  an  enormous  amount  of  surface  film  at  the  surfaces  of 
the  fractured  grains,  and  would  leave  the  metal  in  a  state  of 
strain.  ]\Iany  of  the  physical  properties,  particularly  the  elastic 
properties,  as  well  as  ductility  and  hardness,  would  be  very  much 
modified  by  the  cold  working ;  and  yet  this  cold  working,  which 
would  not  change  the  chemical  constitution,  that  is,  the  atomic 
relations  existing  between  the  solutes  and  the  solvent,  exerts  very 
little,  if  any,  influence  on  the  electrical  resistivity.  If,  then,  the 
size  of  the  crystals  or  grains,  the  size  of  the  particles  of  solutes 
mechanically  mixed  with  the  solvent,  the  presence  or  absence 
of  surface  films,  the  existence  or  non-existence  of  a  state  of 
strain,  has  a  negligible  influence  on  the  resistivity,  by  a  process 
of  exclusion,  we  are  almost  compelled  to  attribute  that  portion 
of  the  total  resistivity  not  due  to  pure  metal  constituting  the 
solvent,  to  the  form  in  which  the  solutes  are  present. 

Dr.  Bancroft  does  not  seem  to  have  a  very  clear  idea  of  the 
author's  hypothesis  to  account  for  the  thermo-electromotive 
potential  of  solutes  in  solution.  In  this  hypothesis  the  author 
assumes  that  a  given  solute  in  solid  solution  possesses,  as  does 
an  electrolyte  in  an  aqueous  solution,  a  certain  solution  tension 
which  is  dependent  upon  the  chemical  composition  of  the  solute 
and  the  temperature.  If,  then,  under  this  conception,  there  is  a 
difference  of  temperature  at  two  points  of  a  metallic  solution 
there  will  be  a  difference  in  thermo-electromotive  potential  at 
these  two  points,  which  may  be  measured  by  means  of  a  poten- 
tiometer or  other  suitable  apparatus. 

The  author  is  gratified  that  Dr.  J.  W.  Richards  admits  the 
value  of  the  experimental  data  given  in  the  tables,  and  has  not 
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Utterly  condemned  the  entire  paper.  In  much  of  the  research 
work  carried  on  by  Le  Chateher,  Benedicks,  and  numerous  other 
experimenters  during  the  past  quarter  century,  the  necessity  of 
differentiating  between  that  portion  of  the  total  resistivity  due 
to  the  solvent  and  that  portion  due  to  the  solutes  is  clearly  recog- 
nized. So  that  unless  Dr.  Richards  can  suggest  some  better 
method  for  differentiating  between  these  two  than  the  one  com- 
monly employed  by  experimenters  in  this  field,  the  author  will 
feel  justified  in  employing  the  long-recognized  method  in  spite 
of  Dr.  Richards'  dictum  as  to  its  inadmissibility. 

In  reply  to  Mr.  Spicer's  inquiry  concerning  the  feasibility  of 
a  method  for  checking  up  the  uniformity  of  a  lot  of  steel  bars 
by  measuring  the  resistivity  of  each  bar,  the  author  feels  that 
although  such  a  process  seems  at  first  glance  to  be  very  attrac- 
tive, Mr.  Spicer's  conclusions,  as  indicated  in  the  last  paragraph 
of  his  discussion,  are  well  founded.  The  only  case  with  which 
the  author  is  familiar  in  which  the  electrical  resistivity  of  steel 
is  used  as  a  criterion  of  its  fitness  is  in  the  manufacture  of  con- 
ductivity steel  to  be  used  in  the  third-rail  system  of  electric  roads. 
Experience  in  the  manufacture  of  this  class  of  steel  has  demon- 
strated the  necessity  of  making  the  metal  as  nearly  pure  iron  as 
can  be  produced  consistent  with  good  rolling  qualities. 

Ann  Arbor,  Mich. 
Jan.  3, 1918. 


A  paper  presented  at  tlie  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917,  President  Fink  in   the   Chair, 


CALORIZED  IRON  AS  AN  ELEMENT  FOR  THERMOCOUPLES 

By  O.  L-  KowALKE.* 

[Abstract.] 
The  author  compares  the  thermo-electromotive  force  of  couples 
of  "calorized"  iron-coiistantan  with  that  of  "uncalorized"  iron- 
constantan.  A  sample  of  "calorized"  iron  wire  from  the  General 
Electric  Company  gave  the  same  thermo-electric  potentials  as  "un- 
calorized"  iron,  up  to  1,000°  C,  on  repeated  calibrations.  A 
sample  from  the  Brown  Instrument  Company  gave  slightly  differ- 
ent potentials  until  after  it  had  been  heat  treated  at  800°  C,  after 
which  it  gave  similar  results  to  the  other  "calorized"  wire.  The 
author  concludes  that  a  heavT^  wire,  lightly  calorized,  gives  as 
constant  results  as  uncalorized  iron,  and  has  a  much  longer  life. 


There  are  in  the  market  several  thermocouples,  having  iron  as 
one  of  the  elements,  which  have  high  electromotive  forces  and  are 
fairly  constant,  but  have  the  disadvantage  that  the  iron  element 
oxidizes  rapidly  above  500°  C.  If  iron  could  be  protected  from 
oxidation  by.  some  sort  of  a  coating  which  would  not  greatly 
change  the  electromotive  force,  its  usefulness  as  an  element  for 
thermocouples  would  be  much  extended. 

It  has  been  shown  by  W.  E.  Ruder^  that  "calorizing"  iron, 
"which  consists  in  producing  a  rich  aluminum  alloy  upon  the  sur- 
face of  the  metal,"  practically  prevents  oxidation  below  1,000°  C. 
It  was  therefore  of  interest  to  determine  whether  "calorized"  iron 
wire  was  suitable  for  thermocouples  and  whether  its  electro- 
motive force  was  as  high  and  as  constant  as  the  uncalorized  wire. 
One  piece  of  "calorized"  iron  wire  was  donated  by  the  Research 
Laboratory,  General  Electric  Company,  through  the  courtesy  of 
Mr.  F.  W.  Gillette,  of  the  Diamond  Power  Specialty  Company; 

*  Professor  of  Chemical  Engineering,  University  of  Wisconsin. 
'  Trans.   Am.   Electrochem.   See,   27,  253    (1915). 
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another  piece  of  "calorized"  iron  wire  was  purchased  from  the 
Brown  Instrument  Company.  The  wire  from  the  General  Electric 
Company  was  0.174  inch  (0.44  cm.)  diameter  and  straight;  the 
wire  from  the  Brown  Instrument  Company  was  0.137  inch 
(0.34  cm.)  diameter  and  was  bent  double  on  itself  so  that  in 
straightening  it  out  some  of  the  alloy  chipped  off. 

C^rateful  acknowledgment  is  hereby  made  to  the  General  Electric 
Company  for  donating  the  wire  and  to  Mr.  M.  A.  Powers  for 
assistance  in  obtaining  these  data. 

Couples  Used:  Three  sets  of  couples  were  made,  each  being  12 
inches  (30.5  cm.)  long.  The  wires  in  each  couple  were  fused 
together  at  one  end  in  an  electric  arc  after  filing  oft'  the  "calorized" 
coating  at  the  point  of  fusion.  The  wires  were  insulated  from  one 
another  by  porcelain  bushings,  and  flexible  copper  lamp  cord  was 
soldered  to  the  elements  for  leads.  The  wires  used  in  all  the 
couples  were  annealed  by  heating  to  a  bright  red  with  electric 
current. 

Constantan  wire,  purchased  from  Leeds  &  Northrup,  was  used 
in  all  the  couples  as  one  element.  The  combinations  used  in  these 
tests  were : 

Couple  Xo.  lOB  =  constantan  vs.  "calorized"  iron       (Gen.  Elec.  Co.) 

"    32B  =  "  vs.  "  "  (Brown  Instr.  Co.) 

"  "     SIB  =  "  Z'S.  "uncalorized"  iron   (Leeds  &  Northrup) 

At  the  conclusion  of  the  tests  on  the  above  couples,  about  1^ 
inches  (3.8  cm.)  was  cut  from  the  fused  ends  of  the  couples 
and  remaining  long  portions  fused  together  again.  The  couples 
so  made  were  designated  by  the  letter  "C."    Thus 

Couple  IOC  was  made  from  Couple  lOB 

32C 32B 

"       SIC     "        "         "  "         81B 

Equipment  Used:  All  electromotive  force  measurements  were 
made  on  Leeds  &  Northrup  portable  potentiometers.  A  platinum 
vs.  platinum- 10  percent  rhodium  thermocouple  calibrated  by  the 
Reichsanstalt  in  Berlin  served  as  a  standard  for  comparison.  An 
electrically  heated  tube  furnace,  such  as  used  in  previous  tests,- 
served  for  making  the  calibrations. 

Procedure:  Discs  of  asbestos  were  drawn  over  each  couple  to 
keep  it  in  the  axis  of  the  furnace,  and  the  ends  of  the  furnaces 

2  Trans.  Am.   Electrochem.   Soc,   29,   561    (1916). 
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were  closed  with  loose  magnesia-asbestos.  The  couples  were  all 
inserted  to  a  length  of  about  5  inches  (12.7  cm.)  into  the  furnace 
for  all  calibrations  and  heat  treatments. 

In  all  tests  only  one  couple  at  a  time  was  compared  with  the 
standard  platinum  couple.  The  temperature  intervals  of  the  points 
of  comparison  were  about  100°  C,  and  at  each  point  the  tempera- 
ture was  maintained  constant  for  a  period  of  two  minutes  to 
insure  equilibrium.  The  couples  were  calibrated  as  annealed,  then 
they  were  heated  in  an  electric  tube  furnace  for  24  hours  at  800" 
C,  and  given  a  second  calibration,  then  heated  again  for  24  hours 
at  900°  C.  and  calibrated  a  third  time. 


Fig.  1. 

After  the  third  calibration  about  1^  inches  (3.8  cm.)  was  cut 
from  the  hot  junction  end  of  each  couple  and  the  remainder  fused 
together  again.  The  remaining  couple  was  called  C,  and  was 
calibrated  only  at  three  points  to  see  whether  any  change  in  cali- 
bration had  taken  place  due  to  changes  in  the  wires  or  method 
of  fusion. 

Results  and  Observations:  As  shown  in  Fig.  1  above,  the  con- 
stantan  wires  E  and  D  and  the  uncalorized  iron  wire  B  have  oxi- 
dized badly.  The  "calorized"  wires  A  from  Brown  Instrument 
15 
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Company  (couple  32B),  and  C  from  General  Electric  Company 
(couple  lOB)  have  not  oxidized  to  any  extent  as  a  result  of  three 
calibrations  and  two  heat  treatments. 

On  the  General  Electric  Company  wire  C,  Fig.  1,  there  were 
narrow  ridges  of  iron  oxide  running  longitudinally  with  the  wire. 
On  the  whole,  the  wire  was  in  good  condition  at  the  end  of  the 
tests. 

The  wire  from  the  Brown  Instrument  Company,  A,  Fig.  1,  had 
spots  of  iron  oxide  in  various  places  where  the  wire  had  been  bent 
and  the  aluminum  alloy  chipped  off.  Owing  to  the  chipping  the 
wire  A  was  not  in  such  good  condition  as  wire  B. 

A  microscopic  examination  of  the  wires  as  received  showed  that 
the  coating  on  the  General  Electric  Company  wire  was  very  much 
thinner  than  that  on  the  Brown  Instrument  Company  wire.  As  a 
result  of  prolonged  heating,  the  coating  of  iron  aluminum  alloy 
penetrated  into  the  wire.  In  the  wire  from  the  Brown  Instrument 
Company  the  alloy  had  penetrated  about  one-half  the  radius  of 
the  wire ;  in  the  wire  of  the  General  Electric  Co.  the  alloy  did  not 
penetrate  so  deeply.  The  observations  on  microstructure  were 
identical  with  those  of  W.  E.  Ruder.^ 

In  Fig.  2  is  shown  the  comparison  of  the  first  calibrations  of 
all  the  samples.  It  will  be  noted  that  couple  32B  on  the  first  cali- 
bration gives  a  higher  electromotive  force  for  a  given  temperature 
than  the  other  two  couples.  On  repeated  calibrations,  the  latter 
couples  also  gave  concordant  results,  but  32B  discordant  results. 
After  heat  treatment  of  32B  at  800°  C,  however,  its  calibrations 
became  concordant,  and  the  same  as  the  other  couples,  showing 
that  it  was  probably  not  sufficiently  annealed  at  the  beginning. 

These  tests  have  not,  of  course,  shown  what  would  happen  when 
the  core  of  iron  was  all  changed  to  the  alloy  of  iron  and  aluminum. 
Before  such  thing  would  take  place  the  companion  wire,  con- 
stantan,  would  be  used  up. 

C0NCI.USI0NS. 

1.  "Calorized"  iron  may  be  a  suitable  material  to  replace  iron 
in  the  iron-constantan  combination,  because  it  has  the  same  electro- 
motive force  and  constancy  as  uncalorized  iron,  but  has  a  much 
longer  life. 

*  Loc.  cit. 
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Fig.  2. 


2.  A  thin  coating  of  "calorizing"  is  effective,  and  is  to  be 
preferred  over  a  thick  coating  because  of  the  greater  liabiHty  for 
a  thick  coating  to  flake  off  on  bending. 
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3.  The  "calorized"  wire  should  be  a  fairly  heavy  one,  to  avoid 
bending  and  to  provide  a  sufficiently  large  iron  core  inside  the 
iron-aluminum  coating. 

Chemical  Engineering  Laboratories, 
University  of  Wisconsin. 
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Mr.  W.  Ruder^  :  We  are  indebted  to  Mr.  Kowalke  for  the 
results  given  to  us  in  his  paper,  showing  that  the  calorized  iron 
gives  a  constant  value  of  thermo-electric  forces.  The  only  criti- 
cism I  can  make  is  that  Mr.  Kowalke  did  not  calorize  both  the 
constantan  wire  as  well  as  the  iron  wires  of  his  couple.  There 
is  no  reason  why  that  should  not  have  been  calorized  as  well  as 
the  iron. 

Another  disadvantage  of  calorizing  the  iron  only  is  that  the 
fusion  of  the  end  with  the  constantan  would  tend  to  diffuse  the 
alloy  on  the  surface  and  make  it  less  protective. 

If  the  thermo-couple  were  made  up  and  then  calorized,  I  think 
the  results  obtained  would  show  much  longer  life,  and  that  it 
could  be  used  at  a  higher  temperature  than  the  ordinary  base 
metal  couple.  We  have  calorized  such  couples,  but  I  have  no 
data  to  give  on  their  thermo-electric  values. 

O.  L.  Kowalke  {Communicated)  :  It  would  be  of  consider- 
able assistance  to  investigators  if  information  were  available 
where  calorizing  could  be  obtained  commercially.-  Attempts  to 
get  the  constantan  wire  calorized  were  not  successful.  No  at- 
tempt to  calorize  the  wire  was  made  in  this  laboratory,  since  only 
commercial  products  were  desired. 

'  General  Electric  Co.,  Schenectady. 

'  The    Diamond    Power    Specialty    Company,    Detroit,    Mich.,    does   commercial   calor- 
izing.— Ed. 


A  paper  presented  at  the  Thirty-second  Gen- 
eral Meeting  of  the  American  Electro- 
chemical Society,  in  Pittsburgh,  October  4, 
1917,  President  Fink  in  the  Chair. 


COPPER  CASTINGS  FOR  ELECTRICAL  PURPOSES 

By    G.    F.    COMSTOCK.* 

[Abstract.] 

The  difficulty  of  obtaining  sound  castings  of  pure  copper  is 
ascribed  by  the  author  to  its  rapid  absorption  of  oxygen  and  other 
gases  when  it  is  melted,  the  gases  being  evolved  from  the  cooling 
copper,  forming  blow-holes,  and  the  oxide  forming  films  of  copper 
oxide  eutectic  between  the  grains  of  metal. 

After  reviewing  the  history  of  attempts  to  avoid  these  diffi- 
culties, the  results  of  using  silicon  as  a  deoxidizer  in  a  certain 
manner  are  described,  by  which  complicated  and  large  sand  cast- 
ings are  made  with  75  to  85  percent  electrical  conductivity. 

Photomicrographs  of  the  castings  cast  without  additions,  badly 
oxidized,  and  deoxidized  by  various  additions,  are  shown. 


It  is  only  within  the  last  fifty  years  that  the  refining  of  copper 
has  become  so  efficient  as  to  make  possible  the  transmission  of 
power  by  electricity  with  negligible  losses  due  to  resistance.  Be- 
fore 1860  the  resistance  of  the  usual  grades  of  copper,  even  in  the 
form  of  wire,  was  only  about  50  percent  of  the  standard  which 
we  have  today.  Then  Matthiessen  brought  out  his  classic  work 
on  the  electrical  conductivity  of  alloys,  including  the  paper  "On 
the  Effect  of  the  Presence  of  the  Metals  and  Metalloids  Upon  the 
Electric  Conducting  Power  of  Pure  Copper,"  published  in  "Philo- 
sophical Transactions,"  1860,  pp.  85  to  92.  This  work  by  Mat- 
thiessen emphasized  the  importance  of  eliminating  all  possible 
traces  of  impurities  from  copper  to  be  used  for  conducting  elec- 
tricity. For  instance,  he  found  the  conductivity  of  copper  with 
1.6  percent  zinc  to  be  only  about  79  percent  of  that  of  pure  copper, 

•  Metallurgist,  The  Titanium  Alloy  Mfg.  Co.,  Niagara  Falls,  N.  Y. 
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both  being  in  the  form  of  wire;  with  1.3  percent  tin  it  was  de- 
creased to  about  50  percent,  with  0.1  percent  aluminum  to  76.5 
percent,  with  0.5  percent  iron  to  36  percent,  while  only  0.13  per- 
cent phosphorus  decreased  the  conductivity  to  70  percent,  and 
even  traces  of  arsenic,  to  60  percent. 

The  publication  of  these  results  had  considerable  influence  in 
encouraging  progress  in  the  direction  of  more  complete  purifica- 
tion of  copper  in  refineries,  and  soon  the  conductivity  of  the  aver- 
age copper  wire  turned  out  for  electrical  uses  rose  from  around 
50  percent  to  about  98  percent  of  the  figure  which  copper  should 
attain.  At  the  present  time  it  is  unusual  for  standard  copper 
wires  to  run  much  below  100  percent  in  conductivity,  this  figure 
meaning  that  a  wire  one  meter  long  and  of  such  diameter  as  to 
weigh  one  gram  has  a  resistance  of  0.15328  ohm  at  20°  C. 

Before  passing  to  the  consideration  of  castings,  which  really 
form  the  subject  of  this  paper,  it  is  desired  to  make  a  brief  refer- 
ence to  the  work  of  Lawrence  Addicks  on  the  conductivity  of 
various  grades  of  copper.  A  paper  by  him  was  published  in  the 
Transactions  of  the  American  Institute  of  Mining  Engineers,  Vol. 
XXXVI  (1906),  page  18,  on  "The  Effect  of  Impurities  on  the 
Electrical  Conductivity  of  Commercial  Copper,"  in  which  he  gives 
the  relative  decrease  in  conductivity  per  unit  of  impurity  added 
for  sixteen  of  the  more  common  impurities  in  copper  wire.  This 
factor  of  decrease  in  conductivity  per  unit  addition  is  thus  720 
for  arsenic,  600  for  phosphorus,  500  for  aluminum,  140  for  iron, 
70  for  silicon,  67  for  tin,  30  for  zinc,  25  for  oxygen  and  3  for 
lead.  The  above  ratios  are  intended  to  apply  only  to  small  de- 
creases in  conductivity,  or  to  very  small  additions  of  the  respective 
elements. 

Since  it  is  known  that  in  order  to  get  copper  wires  of  high  con- 
ductivity it  is  necessary  only  to  start  with  extremely  pure  copper 
bars,  it  might  seem  a  simple  matter  to  secure  all  kinds  of  copper 
castings  of  equally  good  conductivity  by  the  same  means,  or  merely 
by  using  pure  copper.  But  two  difficqlties  are  encountered  when 
this  is  attempted ;  first,  sound  castings  are  almost  an  impossi- 
bility, and  second,  the  pure  metal  in  the  cast  condition  is  too  soft 
and  weak  to  give  the  best  satisfaction  in  most  electrical  uses. 

The  difficulty  of  obtaining  sound  castings  of  pure  copper  is 
caused  by  its  rapid  absorption  of  oxygen  and  other  gases  when 
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it  is  melted.  The  gases  not  only  dissolve  in  the  molten  metal 
but  copper  oxide  is  also  formed,  which  is  held  in  solution  until 
the  metal  freezes.  When  a  casting  is  poured,  the  gases  are  evolved 
from  the  cooling  copper  forming  blow-holes,  and  the  oxide  comes 
out  of  solution  forming  films  of  a  copper-oxide  eutectic  between 
the  grains  of  metal.  These  films  and  gas  holes  naturally  impair  the 
electrical  conductivity  of  a  casting  as  well  as  weaken  it  mechani- 
cally, because  of  the  presence  of  less  pure  copper  in  a  given  cross- 
section.  Casting  in  a  cold  metal  mold,  which  chills  the  copper 
very  fast,  reduces  the  severity  of  the  unsoundness  due  to  gas  holes, 
but  most  castings  by  reason  of  complicated  form  must  be  cast  in 
sand  to  make  their  production  financially  practicable. 

The  second  difftculty  with  pure  copper  castings,  that  of  soft- 
ness and  weakness,  cannot  be  overcome  except  by  adding  some 
other  metal  to  the  copper,  thus  making  it  no  longer  pure,  or  by 
giving  the  casting  some  mechanical  treatment  such  as  forging, 
after  which  it  is,  properly  speaking,  no  longer  a  casting.  Where 
cast  copper  has  strength  of  only  20,000  lb.  per  sq.  in.  (14  kg.  per 
sq.  mm.)  and  a  Brinell  hardness  of  about  35,  small  bars  of  the 
same  material  after  forging  may  have  a  strength  of  35,000  lb. 
per  sq.  in.  (24.5  kg.  per  sq.  mm.)  and  a  Brinell  hardness  of  70. 

Foundry  men  called  upon  to  make  castings  of  copper  for  elec- 
trical uses  have  in  the  past  generally  added  an  impurity  inten- 
tionally for  the  purpose  of  deoxidation,  and  have  thus  raised  the 
hardness  and  strength  of  their  castings,  although  at  the  expense 
of  more  or  less  conductivity.  Zinc  was  the  element  most  often 
used,  and  with  its  aid  sound  castings  could  be  produced  fairly 
easily  with  the  minimum  reduction  of  conductivity  (as  can  be 
seen  by  referring  to  Matthiessen's  and  Addicks'  data  for  wires 
quoted  above).  Of  course,  such  castings  deoxidized  by  zinc  had 
a  considerably  lower  conductivity  than  copper  wire,  running  only 
about  40  to  50  percent  in  many  cases.  The  necessity  of  sacrificing 
conductivity  for  the  sake  of  soundness  in  the  case  of  copper  cast- 
ings seems  to  have  been  recognized  by  electrical  engineers,  who 
designed  the  cast  connections  of  important  conductors  with  gener- 
ous cross-sections  to  prevent  heating.  A  better  deoxidizer,  which 
would  give  the  same  soundness  obtained  by  zinc  but  without  re- 
ducing the  conductivity  so  much,  is  of  course  much  to  be  desired, 
as  it  would  allow  a  casting  of  less  weight  to  carry  with  equal 
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ease  any  given  amount  of  current.  To  this  end  phosphorus  and 
silicon  have  both  been  used  in  place  of  zinc,  but  while  very  small 
quantities  of  either  are  normally  sufficient,  their  use  is  attended 
by  the  disadvantage  that  an  excess  of  either  of  these  elments 
does  more  harm  to  the  conductivity  than  an  equal  excess  of  zinc. 
This  objection  applies  with  more  force  to  phosphorus  than  to  sili- 
con. Boron  has  lately  been  used  with  success  as  a  deoxidizer  for 
copper,  but  its  use  is  attended  with  considerable  expense  because 
of  the  difficulty  of  reducing  this  element  to  a  form  in  which  it  is 
effective. 

The  problem  of  a  superior  deoxidizer  for  copper  has  received 
serious  study  in  the  experimental  department  of  the  Titanium 
Alloy  Mfg.  Co.  for  several  years,  with  the  result  that  a  method 
of  using  silicon  as  a  deoxidizer  for  copper  has  been  found  which 
makes  the  most  of  the  superiority  of  this  element  over  zinc,  and 
at  the  same  time  minimizes  the  bad  effect  of  the  small  excess  of 
deoxidizer  which  cannot  always  be  avoided.  Of  course  careful 
melting  of  the  copper,  to  prevent  as  much  oxidation  or  absorp- 
tion of  gas  as  possible,  is  an  important  part  of  this  process.  The 
first  step,  then,  is  to  melt  the  metal  quickly  and  in  as  non- 
oxidizing  an  atmosphere  as  possible,  keeping  it  well  covered  with 
charcoal  at  all  times.  A  small  amount  of  silicon  is  added  before 
pouring,  in  the  form  of  a  fiux  which  we  have  developed  and  which 
acts  in  such  a  way  that  the  excess  of  silicon  and  oxides  of  silicon 
are  thrown  out  of  the  metal  to  the  surface  of  the  casting,  leaving 
the  interior  pure  and  clean.  In  this  way  we  have  been  able  to 
make  complicated  and  large  sand-castings  of  pure  copper  having 
75  to  85  percent  conductivity,  as  compared  with  the  40  to  50  per- 
cent generally  obtained  on  copper  castings  deoxidized  by  zinc. 
This  material  naturally  is  soft  and  weak,  and  so  far  we  have 
found  no  way  to  harden  it  except  by  forging.  But  we  are  still 
working  along  these  lines,  and  hope  eventually  to  evolve  an  alloy 
which  will  make  harder,  stronger  castings  of  equally  good  con- 
ductivity. 

A  few  photomicrographs  are  submitted  herewith,  to  illustrate 
the  structures  of  a  few  samples  of  copper  made  in  different  ways. 
These  specimens  were  examined  in  connection  with  the  research 
to  develop  a  satisfactory  deoxidizer  for  copper.  Fig.  1  shows 
the  structure  of  a  small  ingot  of  especially  pure  electrolytic  cop- 


Fig.   9. 
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per  magnified  100  diameters.  A  section  of  the  metal  was  care- 
fully polished  to  remove  all  but  the  finest  scratches  from  the 
surface,  which  was  then  treated  with  a  mixture  of  strong  ammo- 
nia and  hydrogen  peroxide  until  is  was  rather  deeply  corroded. 
This  etching  reagent  attacks  the  copper  crystals  with  different 
intensities,  so  that  some  appear  darker  than  others  after  etching. 
Impurities  are  shown  either  by  dark  streaks  between  the  grains 
or  by  more  or  less  regular  markings  within  the  grains.  In  this 
case  there  are  no  markings  within  the  crystals,  showing  the  ab- 
sence of  dissolved  impurities,  but  there  are  dark  streaks  between 
the  copper  grains  due  to  the  presence  of  a  little  copper  oxide. 
Fig.  2  shows  a  sample  of  copper  which  was  carelessly  melted  and 
badly  oxidized.  An  excessive  amount  of  oxide  is  here  indicated 
by  the  dark  bands  between  and  within  the  grains  of  pure  copper. 
Fig.  3  is  a  view  taken  at  a  higher  magnification  (400  diameters), 
and  before  etching,  of  copper  with  abundance  of  oxide.  The 
drop-like  particles  are  blue  copper-oxide,  and  the  background  in 
which  they  appear  is  pure  copper.  The  clear  areas  of  this  view 
are  thus  the  copper  grains,  and  the  spotted  areas  are  what  is 
known  as  a  eutectic,  or  mixture,  of  copper  and  copper-oxide.  It 
is  this  eutectic  which  is  strongly  attacked  in  etching,  giving  dark 
bands  around  the  cOpper  grains,  and  it  is  evident  from  this  view 
that  a  very  small  amount  of  oxygen,  present  as  tiny  globules  of 
CujO,  will  form  an  appreciable  amount  of  the  eutectic,  as  was 
the  case  in  the  pure  copper  shown  in  Fig.  1. 

Fig.  4  shows  a  sample  of  copper  treated  with  phosphorus,  etched 
as  explained  above,  and  magnified  100  diameters.  The  copper 
grains  are  seen  to  have  etched  darked  around  their  edges,  showing 
the  presence  of  phosphorus  in  solution,  and  there  are  streaks  of 
oxides  between  the  grains.  Fig.  5  shows  some  copper  deoxidized 
and  hardened  by  about  4  percent  of  zinc.  This  metal  is  sound 
and  free  from  dirt  or  oxides,  but  the  crystals  show  rows  of  light 
spots  indicating  an  impurity  (zinc)  in  solution.  This  view  was 
magnified  only  20  diameters. 

Fig.  6,  also  magnified  20  diameters,  shows  some  very  impure 
cast  copper,  with  traces  of  lead,  tin  and  iron,  as  well  as  consider- 
able zinc,  and  the  unevenness  of  structure  is  very  evident.  Fig.  7 
shows  a  similar  impure  sample  containing  a  little  arsenic,  but 
magnified  100  diameters  instead  o*f  20. 
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Fig.  8  shows  the  structure  of  copper  deoxidized  with  an  excess 
of  silicon,  magnified  50  diameters.  The  patterns  in  the  crystals 
are  very  distinct  here,  but  the  metal  is  sound  and  free  from 
oxides.  Fig.  9  shows  a  sample  of  the  purest  cast  copper  which 
we  have  been  able  to  make,  which  is  sound  and  clean  and  runs 
from  75  to  85  percent  in  conductivity.  Only  very  few  traces  of 
oxides  are  present  here  in  the  form  of  black  specks,  and  the  purity 
of  the  copper  is  shown  by  the  freedom  from  any  light  and  dark 
patterns  within  the  crystals.  Fig.  10  shows  this  same  copper  after 
being  hardened  by  forging,  the  crystals  having  been  broken  up 
into  finer  grains,  but  without  oxidation  or  loss  of  purity  or  con- 
ductivity. All  the  views  except  Fig.  10  were  of  cast  copper,  and 
all  except  Fig.  3  show  copper  etched  with  ammonia  and  hydrogen 
peroxide.  All  except  Nos.  3,  5,  6  and  8  were  taken  at  a  magnifi- 
•cation  of  100  diameters. 

Niagara  Falls,  N.  Y. 
Sept.  29,  1917. 


DISCUSSION. 

President  C.  G.  Fink^  :  Mr.  Barre,  how  do  the  results  ob- 
tained by  silicon  compare  with  boron? 

H.  A.  Barre  :  The  conductivity  is  much  higher  than  those  fig- 
ures. I  do  not  remember  the  figures,  but  I  think  it  is  85  to  86, 
and  as  high  as  90  has  readily  been  obtained. 

J.  W.  Richards^:   By  the  use  of  boron  or  boron  sub-oxide? 

H.  A.  Barre:  By  boron  sub-oxide.  Boron  carbide  is  being  put 
out  now  in  this. 

J.  W.  Richards  :  The  use  of  silicon  as  a  deoxidizer  of  copper 
is  quite  old,  and  if  there  is  any  new  specific  way  of  using  it,  the 
paper  does  not  describe  it,  so  that  it  adds  nothing  to  our  knowl- 
edge of  how  to  use  silicon. 

Genry  Randali,:  We  have  made  extensive  experiments  with 
the  use  of  magnesium  as  a  deoxidizer  in  copper  and  brass  cast- 

*  Director  of  Research,  Chile  Kxploralion  Co.,  New  York  City. 
^  Professor  of  Metallurgy,  Lehigh  University. 
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ings.  Between  0.2  percent  and  0.3  percent  added  makes  a  very 
dense  casting  well  adapted  for  castings  for  electric  furnace  work 
Avhere  high  electrical  conductivity  is  required. 

D.  F.  CoMSTocK  {Communicated)  :  The  figures  given  by  Mr. 
Barre  do  not  seem  to  substantiate  his  statement  that  boron  used 
as  a  deoxidizer  for  copper  gives  "much  higher"  conductivity  than 
that  obtained  by  us  with  silicon.  We  obtain  regularly  from  75 
to  85  percent  conductivity  in  our  castings,  and  Mr.  Barre's  "85 
to  86"  cannot  be  said  to  be  very  much  higher.  Moreover,  the 
figure  90  which  he  mentions  has  been  matched  by  us  with  a 
result  of  89.8  percent  obtained  at  one  of  the  U.  S.  Bureau  of 
Standards  laboratories.  We  admit  that  boron  may  give  slightly 
better  results  than  our  flux,  but  not  much  better,  and  the  expense 
of  using  it  is  decidedly  greater. 

Prof.  Richards  is  doubtless  correct  in  his  remarks,  and  the 
writer  must  plead  guilty  to  the  charge  of  having  added  nothing 
to  the  knowledge  of  such  eminent  scientists  as  he. 

In  regard  to  magnesium  as  a  deoxidizer  for  copper  and  brass, 
we  have  not  had  much  success  with  it  along  just  those  lines,  and 
feel  that  our  silicon  flux  is  superior  for  copper.  But  magnesium 
is  nevertheless  a  powerful  deoxidizer,  and  it  would  be  far  from 
correct  to  claim  that  it  is  was  without  value  in  non-ferrous  allovs. 


A  pafcr  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Elect ro- 
cheinica/  Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917,  President  Fink  in   the  Chair. 


ELECTROLYTIC   RECOVERY  OF  COPPER  AND  SULPHURIC    ACID 
FROM  COPPER  MILL  PICKLING  SOLUTIONS 

By  J.  L.  Jones. 

[Abstract.] 

Mention  is  made  of  precipitating  copper  from  waste  copper 
sulphate  pickling  solutions  by  iron  scrap,  also  of  neutralizing  the 
excess  of  acid  and  evaporating  down  to  copper  sulphate  crystals 
(bluestone).  There  is  then  described  an  electrolytic  plant  for 
extracting  the  copper  in  a  pure  condition  and  regenerating  the 
acid  for  re-use.  The  acid  content  is  run  up  to  20  percent  and  the 
copper  content  reduced  to  about  1  percent.  Some  of  the  copper 
is  deposited  directly  on  steel  plates  as  copper  plating,  but  most  of 
it  is  collected  as  cathodes  for  re-melting. 


In  the  rolling  of  copper  it  is  necessary  to  remove  the  copper 
scale  that  is  formed  in  the  various  heating  and  annealing  opera- 
tions. If  this  is  not  done  the  scale  is  rolled  into  the  copper,  giving 
a  rough  surface.  Another  reason  for  removing  the  scale  is  the 
fact  that  it  is  an  abrasive,  and  where  copper  is  drawn  into  bars, 
strap,  or  wire,  the  dies  would  soon  be  ruined  if  the  scale  were 
not  removed. 

The  pickling  of  copper  is  done  in  large,  lead-lined  wooden  tanks, 
using  a  solution  of  dilute  sulphuric  acid  which  is  heated  by  waste 
steam.  When  the  rate  of  pickling  becomes  slow,  due  to  the  solu- 
tion becoming  saturated  with  copper  sulphate,  more  acid  is  added, 
and  the  tanks  are  often  run  until  supersaturated.  It  is  not  an 
uncommon  thing  in  some  plants  to  find  the  pickling  tanks  a  solid 
mass  of  copper  sulphate  crystals  on  Monday  morning,  if  the  steam 
has  been  turned  off  on  Saturday  and  the  pickling  solution  allowed 
to  cool. 
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TREATMENT  OF  THE  SOLUTION. 

Two  methods  have  generally  been  followed  by  manufacturers 
for  utilizing  the  waste  pickle  after  it  has  ceased  to  be  satisfactory 
for  cleaning  copper,  and  a  third  has  now  been  devised  and  put  into- 
operation. 

(1)  Precipitation  of  the  Copper  by  Iron. 

The  spent  acid  is  removed  from  the  pickling  tanks  to  suitable 
precipitating  tanks  and  a  previously  calculated  amount  of  sheet 


Fig.    1. 


steel  or  steel  turnings  is  added.  This  addition  serves  to  neutralize 
any  free  acid  present  and  throws  down  metallic  copper  from  the- 
solution,  with  the  formation  of  sulphate  of  iron.  The  sulphate  of 
iron  solution  is  allowed  to  run  off,  and  the  copper  mud,  without 
any  washing  or  other  treatment,  is  shoveled  out,  dried,  and  sent 
to  the  copper  smelter. 

This   method   of   procedure  has   a   number   of   disadvantages. 
While  the  copper  is  recovered  it  is  not  in  its  most  valuable  form. 
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The  acid  is  not  recovered,  about  2  pounds  of  acid  being  lost  for 
each  pound  of  copper  recovered.  When  soft  steel  or  iron  scrap 
is  used  for  precipitating  the  copper,  it  is  not  uncommon  to  find 
pieces  practically  unacted  upon  at  the  end  of  six  months,  only 
the  outside  being  coated  with  copper.  By  using  cast  iron  borings 
and  having  an  excess  of  acid  the  reduction  is  rapid,  but  the 
graphite,  silicon,  etc.,  from  the  cast  iron  renders  the  copper  mud 
less  valuable.  The  drying  of  the  copper  mud,  freight  to  the 
smelter  and  the  smelting  charges,  reduce  the  returns  considerably. 

(2)  Manufacture  of  Bluestone  Crystals. 

Probably  the  most  generally  used  method  of  utilizing  the  spent 
acid  from  the  pickling  of  copper  is  to  convert  it  into  sulphate  of 
copper  or  bluestone  crystals.  The  spent  pickle  is  neutralized  as 
completely  as  possible  by  adding  to  it  scrap  copper  or  copper  scale. 
It  is  next  filtered  and  then  concentrated  by  being  allowed  to 
evaporate  spontaneously  or  by  heating  with  a  steam  coil  placed  in 
the  bottom  of  the  tank.  When  the  saturated  solution  cools  the 
copper  sulphate  crystals  are  allowed  to  form  on  lead  or  copper 
plates  suspended  in  the  solution  and  also  upon  the  sides  of  the 
tanks.  The  large  blue  crystals  are  quite  beautiful  if  seen  when 
first  withdrawn  from  the  mother  liquor  of  the  crystallizing  tanks. 
Recrystallization  gives  a  purer  grade  of  sulphate  of  copper. 

A  process  for  making  copper  sulphate  thus  on  a  large  scale 
has  been  patented  by  F.  H.  Daniels,  A.  F.  Backlin  and  H.  K. 
Swinscoe.  Vacuum  evaporators  made  of  copper  are  used  for 
the  concentrating,  and  a  centrifuge  for  removing  any  liquor  that 
adheres  to  the  crystals. 

This  method  has  the  advantage  over  the  precipitation  by  iron 
that  it  utilizes  both  the  copper  and  the  sulphuric  acid.  It  has,, 
however,  certain  disadvantages.  The  sulphate  of  copper  must  not 
only  be  manufactured  but  also  packed  and  sold.  A  considerable 
amount  of  it  is  used  in  making  up  various  sprays  to  destroy 
insects.  The  vine-growing  districts  of  Austria,  Italy,  and  other 
European  countries  imported  large  amounts  before  the  war,  but 
this  outlet  has  been  shut  ofif,  materially  reducing  the  demand. 

The  strongest  argument,  however,  against  both  of  the  above 
methods  of  handhng  waste  pickling  liquor  is  that  the  pickling^ 
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bath  is,  in  use,  constantly  changing  in  acid  content,  and  for  this 
reason  cannot  be  rehed  upon  to  do  rapid  and  uniform  work. 

(3)  Electrolytic  Recovery. 

In  order  to  avoid  the  difficulties  mentioned,  and  more  especially 
to  speed  up  production  and  secure  a  pickling  bath  that  would  do 
rapid  and  uniform  work,  the  Westinghouse  Electric  and  Manu- 
facturing Company  has  installed  in  its  new  copper  mill  an  electro- 
lytic plant  that  recovers  both  the  metallic  copper  from  the  waste 
pickle  and  also  the  sulphuric  acid.  Fig.  2  gives  a  perspective 
diagram  of  the  entire  recovery  system,  showing  both  the  pickling 
and  electrolvtic  tanks. 
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Fig.   2. 


The  pickling  is  done  in  two  lead-lined  wooden  tanks,  each  16 
feet  long,  4  feet  wide  and  3  feet  deep  (4.8  x  1.6  x  0.9  m.).  They 
hold  1,300  gallons  each  (4,920  liters).  A  few  gallons  per  minute 
of  the  pickling  acid  is  allowed  to  flow  by  gravity  from  the  pickling 
tanks  and  is  lifted  by  a  steam  siphon  to  the  first  one  of  the  series 
of  recovery  tanks.     (See  Fig.  3). 

The  recovery  tanks  are  five  in  number.  They  are  each  6  feet 
long,  ZYz  feet  wide  and  4^  feet  deep  (4.8  x  1.1  x  1.35  m.).  They 
hold  535  gallons  (2,000  liters)  each  and  are  lined  with  7  lb.  sheet 
lead  (350  g./sq.  dm.).  Another  smaller  tank  4  feet  long,  3  feet 
wide  and  43/2  feet  deep  (1.6  x  1.2  x  1.35  m.),  holding  220  gallons 
(800  liters),  serves  as  a  storage  tank  or  sump.  The  sump  receives 
from  the  last  recovery  tank  an  amount  of  regenerated  acid  equiva- 
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lent  to  the  amount  of  pickling  acid  received  by  the  first  recovery 
tank.  The  regenerated  acid  in  the  sump  is  returned  by  a  steam 
siphon  to  the  pickling  tanks,  thus  completing  the  cycle. 

Very  good  electrolytic  resuhs  are  obtained  through  continuous 
operation,  keeping  the  acid  content  at  about  14  percent  and  the 
copper  at  3>^  percent.  We  are,  however,  at  present  operating 
intermittently,  regenerating  the  acid  content  rather  high  (about 
20  percent)   and  running  the  copper  down  to  about   1  percent. 


Fig.  3. 


This  plan  is  followed  because  of  insufficient  steam  to  satisfactorily 
operate  the  siphon  which  is  relied  upon  to  circulate  the  electrolyte. 
Only  three  tanks  have  been  used  for  the  electrolysis  so  far,  the 
other  two  being  held  in  reserve.  At  present  one  of  these  (see 
Fig.  4)  is  used  for  depositing  a  very  heavy  coating  of  copper  on 
steel  plates  that  are  stamped  up  into  discs  for  making  arc  lamp 
electrodes.  These  plates  are  first  struck  up  in  a  cyanide  bath  and 
then  the  plating  finished  in  this  tank,  using  the  waste  pickling 
acid  as  the  electrolyte  and  cathode  plates  from  the  recovery  tanks 
16 
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for  the  anodes.     This  appHcation  Avas  suggested  by  Mr.  C.  W. 
Johnson,  general  superintendent. 

A  trolley  is  placed  over  the  recovery  tanks  and  serves  to  lift 
out  the  anodes  and  cathodes,  which  are  placed  in  frames  so  that 
the  entire  set  may  be  removed  at  one  time.  The  anodes  are  of 
7  lb.  (350  g.  per  sq.  dm.)  sheet  lead.  They  are  3  feet  10  inches 
(115  cm.)  long  by  2  feet  4  inches  (70  cm.)  wide  and  weigh  52  lb. 


Fig    4. 


(24  kg.)  each.  The  starting  sheets  are  at  present  of  thin  sheet 
copper,  but  will  in  the  future  be  made  by  electrodeposition  as  is 
customary  in  electrolytic  copper  refineries. 

The  recovery  tanks  are  arranged  in  cascade  and  set  in  a  cement- 
lined  pit  provided  with  a  sump  to  take  care  of  any  leakage.  The 
series  system  is  vised,  with  parallel  circulation  across  the  face  of 
the  electrodes. 

Rubber  connectors,  so  made  that  they  may  easily  be  slipped  off 
and  replaced,  connect  the  tanks  with  each  other.    They  are  cleaned 
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out  from  time  to  time,  as  there  is  some  electrical  leakage  through 
them  that  plates  out  the  copper  in  them  and  causes  short  circuits 
that  burn  out  the  rubber. 

Current  is  supplied  by  a  60  volt — 1,000  ampere  generator,  which 
has  capacity  for  a  considerably  increased  production.  Fig.  5  gives 
the  wiring  diagram  of  the  plant. 

Our  data  on  the  preliminary  operation  of  the  plant  is  not  very 
complete,  but  sufficient  to  show  fairly  satisfactory  results.  The 
plant  has  been  run  60  days  of  10  hours  each,  using  65  kilowatts, 
or  a  total  of  1,600  kilowatt  days.    There  was  recovered  3,355  lb. 
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Fig.   S. 


(1,525  kg.)  of  copper  and  in  addition  420  lb.  (190  kg.)  of  copper 
was  plated  upon  519  steel  plates,  making  a  total  of  3,775  lb. 
(1,716  kg.)  of  copper  recovered.  This  is  slightly  less  than  1  lb. 
(453  g.)  of  copper  per  kilowatt  hour. 

The  amount  of  acid  recovered  was  about  5,500  lb.  (2,500  kg.). 
The  most  marked  advantage,  however,  was  the  increased  rapidity 
of  the  pickling  operation.  The  amount  of  copper  pickled  in  the 
time  mentioned  was  2,714,594  lb.  (1,233,900  kg.).  Without  the 
recovery  plant  it  would  have  been  necessary  to  considerably  in- 
crease the  capacity  of  the  pickling  tanks  to  do  this  amount  of  work. 

Using  three  tanks  in  series  and  a  current  of  1,000  amperes  at 
2  volts,  135  lb.  (61.4  kg.)  of  copper  and  200  lb.  (91  kg.)  of  acid 
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are  recovered  daily,  showing  an  ampere  efficiency  of  72  percent. 
By  adding  additional  tanks  the  output  of  the  plant  can  be  increased 
to  1,200  lb.  (545  kg.)  of  copper  and  1,800  lb.  (818  kg.)  of  acid» 
as  the  generator  has  a  capacity  of  60  kilowatts. 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  in  Pittsburgh.  October 
5,  1917,   President  Fink   in   the  Chair. 


ELECTROLYTIC  PICKLING  PROCESS  AND  ITS    EFFECT   ON   THZ 
PHYSICAL  PROPERTIES  OF  IRON  AND  STEEL 

By  John  Coulson.*  _ 

[Abstract.] 

To  determine  the  embrittling  effect  of  absorbed  hydrogen  upon 
steel  pickled  in  different  ways,  samples  of  spring  steel  wire  were 
pickled  chemically  by  simple  dipping  in  acid,  also  by  electrolytic 
pickling,  using  them  as  cathodes  or  as  anodes.  Oscillation  tests 
on  the  original  wires,  the  same  sand-blasted,  and  the  three  sets 
treated  as  described,  showed  the  chemically  cleaned  and  the 
cathodically  cleaned  to  be  very  brittle,  while  the  anodically  cleaned 
had  the  strength  of  the  original  samples.  Similar  tests  were  also 
made  with  drill-rod  steel,  hot-rolled  Bessemer,  and  cold-rolled 
steel,  after  which  mechanical  tests  were  made  as  to  strength, 
elongation  and  reduction  of  area.  The  chemically  and  the  cathodic- 
ally cleaned  specimens  again  showed  greater  brittleness,  which 
was  most  marked  with  the  high-carbon  steels  and  less  marked 
with  the  soft  steel. 


Brittleness  of  steel  springs  resulting  from  acid  pickling  and 
electroplating  is  a  well-known  phenomenon.  Tempered  springs 
which  are  pickled  even  for  a  few  seconds  in  an  acid  bath  snap 
when  subjected  to  strain.  Such  springs,  however,  can  be  electro- 
lytically  pickled  without  destroying  their  resiliency.  This  paper 
cites  an  electrolytic  process  for  removing  oxides  from  the  surface 
of  iron,  steel  and  other  metals  without  impairing  their  physical 
properties. 

It  is  known  that  metals  absorb  gases  and  that  the  amount 
absorbed  depends  upon  the  nature  of  the  gas,  the  condition  and 
character  of   the  metal  and  the   surrounding  medium.     These 

•  Physical   Chemist,   Westinghouse   Research   Laboratory,   East  Pittsburgh,   Pa. 
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absorbed  gases  appear  to  play  an  important  role  in  the  behavior 
of  iron,  steel  and  certain  alloys.  Electrolytic  iron  is  extremely 
brittle  due  principally  to  occluded  hydrogen,  and  there  appears  no 
doubt  that  the  brittleness  of  steel  springs  after  pickling  is  due  to 
the  absorption  of  hydrogen  during  the  ordinary  pickling  process. 
This  effect  is  still  more  pronounced  if  the  springs  are  made  the 
cathode  in  an  acidulated  electrolyte. 

Numerous  experiments  were  carried  out  to  determine  the 
behavior  of  steel  springs,  drill  rod,  tempered  steel,  Bessemer  and 
cold-rolled  steel  rods  after  undergoing  difit'erent  pickling  treat- 
ments. The  pickling  bath  consisted  of  a  27  percent  solution  of 
H2SO4  kept  at  60°  C.  Test  specimens  of  each  of  the  above 
materials  were  treated  consecutively ;  one-third  of  each  set  was 
pickled  by  the  ordinary  chemical  process,  one-third  electrolytically 
as  anode,  and  one-third  as  cathode.  The  lead  tank  containing  the 
pickling  bath  served  for  the  second  electrode  in  the  electrolytic 
processes. 

The  springs  here  dealt  with  were  of  3/32  inch  (2.4  mm.) 
diameter  tempered  steel  wire  wound  closely  in  the  form  of  a  helix 
^  inch  (19  mm.)  diameter.  Twenty  of  these  springs  constituted 
a  set  for  the  testing  machine.  The  machine  was  adjusted  to  exert 
a  maximum  tension  of  about  16  lb.  (7.3  kg.)  on  each  spring,  and 
then  dropped  to  zero  again.  The  number  of  oscillations  of  the 
machine  and  the  life  of  each  spring  was  automatically  recorded. 

Table  I  gives  the  history  of  one  of  the  many  sets  of  springs 
tested.  Each  set  of  springs  was  divided  into  groups  of  four,  each 
group  was  constituted  of  springs  of  like  treatment.  The  first 
group  tabulated  received  no  treatment  further  than  tempering, 
which  was  common  to  all.  The  second  group  was  sand-blasted ; 
the  third  group  was  pickled  40  seconds  chemically;  the  fourth 
group  was  pickled  40  seconds  electrolytically  as  cathode,  and  the 
fifth  group  was  pickled  40  seconds  as  anode.  All  the  springs 
pickled  chemically,  and  as  cathode  electrolytically,  broke  during  the 
preliminary  test,  which  consisted  of  a  continuous  strain  for  12 
hours.  The  crystalline  structure  of  the  breaks  resembled  that  of 
glass-hard  steel.  No  difference  appeared  to  exist  in  the  properties 
of  the  other  groups  of  springs.  All  withstood,  on  the  average, 
about  ten  million  oscillations  before  breaking. 
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Table  I. 
Life  Test  on  Steel  Springs. 
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/     16.0 

)     16.0 
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14,220.000 

1.714,000 

12.387,000 

11,725,000 

Bending  tests  were  carried  out  on  bars  1  by  ^^  inches  (2.5  x  0.6 
cm.)  cold  rolled  steel.  Test  pieces  which  had  been  pickled  chem- 
ically and  electrolytically  as  cathode,  showed  fatigue  and  cracks 
much  sooner  than  untreated  test  pieces  or  pieces  which  had  been 
pickled  electrolytically  as  anode.  The  records  for  the  last  two 
cases  were  very  similar.  The  Brinell  test  for  hardness  indicated 
an  increase  of  about  5  percent  for  specimens  pickled  as  cathode, 
while  no  material  change  was  noticeable  for  anv  of  the  others. 


PHYSICAL  TESTS. 

The  tensile  strength,  percent  elongation  and  percent  reduction, 
were  determined  for  a  number  of  rods  of  different  materials, 
some  of  which  had  been  pickled  chemically,  others  electrolytically. 
Table  II  gives  the  results  of  a  few  of  these  tests.  Each  number 
tabulated  is  the  average  value  for  three  rods  similarly  treated,  and 
as  a  rule  the  values  for  a  given  set  of  rods  all  agreed  fairly  well. 
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Table  II. 
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71 
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50 

•• 

It  will  be  seen  from  the  table  that  all  the  materials  pickled 
either  chemically  or  electrolytically  as  cathode  show  deleterious 
effects.  The  properties  of  the  high  carbon  steel  undergo  the 
greatest  modification.  The  majority  of  specimens  of  this  material 
tested  showed  no  elongation  or  reduction  whatever  when  pickled 
electrolytically  as  cathode.  Anode  pickling,  it  appears,  does  not 
impair  the  physical  properties  of  any  of  the  materials  here  dealt 
with. 

Fig.  1  illustrates  typical  breaks  of  the  spring  steel  0.205  inch 
(5.2  mm.)  in  diameter,  before  and  after  pickling.  Rod  A  was 
tested  in  its  original  state,  B  after  pickling  electrolytically  as  anode 
and  C  as  cathode.  The  fracture  of  A  and  B  are  perfectly  cup 
shaped ;  the  test  records  of  these  specimens  also  agreed  closely. 
C,  on  the  other  hand,  shows  a  very  short  break  without  any 
appreciable  reduction  in  area. 

GAS  PENETRATION. 

Fig.  2  shows  the  rupture  of  34-inch  (6mm.)  cold-rolled  steel 
before  and  after  pickling.     These  test  pieces  were  cut  from  the 
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same  rod ;  £  and  F  were  pickled,  each  40  seconds,  electrolytically 
as  anode  and  cathode  respectively,  while  D  was  tested  in  its  orig- 
inal condition.  It  will  be  seen  from  the  figure  that  D  and  E  have 
cup  breaks  essentially  alike  ;  further,  their  test  records  also  agreed. 
F,  however,  shows  an  irregular  break  with  a  dark  center  encircled 
by  a  bright  band.  This  band  is  well  defined,  and  indicates  clearly 
the  depth  the  hydrogen  penetrated  the  metal  during  the  process 
of  pickling.    The  rate  at  which  the  hydrogen  penetrates  the  metal 
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increases  with  the  current  density.  In  the  case  of  ordinary  chem- 
ical pickling  absorption  takes  place  more  slowly. 

It  is  very  probable  that  the  hydrogen  absorbed  by  the  metal, 
where  it  loses  its  identity  as  nascent  hydrogen,  forms  an  alloy, 
thus  modifying  the  physical  properties  of  the  steel.  The  bright 
band  of  the  test  piece  F,  Fig.  2,  indicates  that  the  rupture  took 
place  along  the  crystal  faces  and  not  through  the  crystals.  The 
light  is  here  reflected  from  the  crystal  faces  and  is,  therefore, 
more  intense  than  the  reflection  from  the  ruptured  crystals  of  the 
central  area. 

Test  specimens,  made  brittle  by  pickling  either  chemically  or 
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electrolytically  as  cathode,  were  restored  to  the  original  condition 
by  anneahng.  This  restoration  was  effected  considerably  by  re- 
pickling  the  test  pieces  electrolytically  as  anode.  A  number  of 
test  pieces  of  spring  steel  0.205  inch  (5.2  mm.)  diameter  were 
pickled  two  minutes  electrolytically  as  cathode ;  half  of  these  broke 
with  no  elongation  and  no  reduction.  The  other  half  was  re- 
pickled  two  minutes  electrolytically  as  anode,  and  then  tested. 
These  had  an  average  value  for  elongation  and  reduction  of  5.5 
percent  and  25  percent  respectively.    Non-pickled  material  showed 


E 
Fig.  2. 


8  percent  elongation  and  40  percent  reduction.  It  is  probable  that 
prolonged  re-pickling  electrolytically  as  anode  would  restore  com- 
pletely the  physical  properties  of  the  metal. 


SUMMARY. 

Hydrogen  is  absorbed  rapidly  by  iron  and  steel  when  pickled 
either  chemically  or  electrolytically  as  cathode,  in  acid  solutions; 
thus  causing  brittleness,  diminution  of  the  tensile  strength,  elonga- 
tion and  reduction  of  area  of  the  material. 

Iron  and  steel  may  be  cleaned  effectively  and  quickly  by  pickling 
electrolytically  as  anode,  without  impairing  their  strength,  resil- 
iency or  other  physical  properties. 
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DISCUSSION. 

Carl  Hering^  :  This  paper  does  injustice  to  cathode  pickHng. 
There  is  no  doubt  that  it  would  make  highly-tempered  hardened 
steel,  brittle ;  I  should  not  suppose  anybody  would  use  it  for  that 
purpose.  The  large  field  for  cathode  pickling  is  for  tonnage  steel, 
because  the  scale  is  thereby  dissolved  and  the  steel  itself  is  pro- 
tected against  being  dissolved,  while  with  anodic  pickling  the  iron 
under  the  scale  is  dissolved  at  the  cost  of  good  metal  and  acid. 
In  the  ordinary  chemical  pickling  plants  the  scale  collects  in  large 
quantities  in  the  pickling  vats,  showing  that  it  is  not  dissolved, 
but  as  a  cathode  it  goes  into  solution  freely. 

It  is  therefore  not  fair  to  condemn  cathodic  pickling  in  general, 
simply  because  it  is  not  applicable  to  hard,  tempered  steel.  More- 
over, anodic  pickling  which  the  author  seems  to  recommend  would 
surely  not  be  applicable  in  many  cases.  It  is  incorrect  in  prin- 
ciple, in  that  the  scale,  of  coiu"se,  is  not  dissolved,  it  being  already  . 
an  oxide;  the  only  possible  cleansing  action  in  this  case  would  be 
dissolving  the  good  metal  beneath  the  scale.  In  anodic  pickling 
the  oxidizing  action  would  tend  to  form  an  oxide  on  the  surfaces 

'  Consulting  Electrical   Engineer,    Philadelphia.    Pa. 
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to  be  cleaned,  which  I  should  think  would  interfere  greatly  with 
subsequent  tinning  or  galvanizing. 

As  far  as  the  development  of  hydrogen  in  the  iron  is  concerned, 
cathodic  pickling  is  on  a  par  with  the  ordinary  chemical  pickling ; 
in  the  latter  the  hardening,  if  there  is  any,  in  the  case  of  tonnage 
steel  like  sheets  and  wires,  seems  to  be  of  no  importance,  and 
in  the  annealing,  this  occluded  hydrogen,  if  there  is  any,  leaves 
the  metal  again.  In  subsequent  tinning  or  hot  galvanizing,  the 
escape  of  this  hydrogen  during  that  operation  may  even  be  very 
advantageous. 

W.  RuDER' :  Near  the  end  of  the  paper  the  author  refers  to 
the  nature  of  the  rupture  of  the  crystals,  and  says,  "The  bright 
band  of  the  test  piece  indicates  that  the  rupture  took  place  along 
the  crystal  faces  and  not  through  the  crystal.  The  light  is  here 
reflected  from  the  crystal  faces,  and  is  therefore  more  intense 
than  the  reflection  from  the  ruptured  crystals  of  the  central  area." 
Has  this  been  accurately  determined?  The  brightness  would  not 
determine  that.  It  would  have  to  be  examined  more  closely  to 
determine  whether  the  surface  were  plane  or  conchoidal.  The 
importance  of  this  lies  in  its  throwing  light  on  the  nature  of  the 
compound  formed  by  the  action  of  the  hydrogen  on  the  steel. 
If  the  fracture  is  conchoidal,  that  is,  is  granular,  that  action  of 
the  hydrogen  would  be  on  the  intercrystalline  material  and  not 
on  the  iron  itself. 

As  a  matter  of  fact,  we  have  found  that  even  molecular  hydro- 
gen has  the  effect  of  producing  intergranular  brittleness  in  steel. 
This  kind  of  fracture,  if  treatment  is  made  at  high  temperatures 
(1,300'  C),  is  unnatural  for  steel.  However,  the  nature  of  the 
fracture  should  throw  some  light  on  the  effect  produced. 

President  C.  G.  Fink^  :  As  I  understand  Mr.  Ruder,  he  wants 
to  point  out  that  the  embrittling  effect  is  on  the  intergranular 
material  rather  than  on  the  crystal  itself. 

W.  Ruder  :  I  have  no  direct  data  one  way  or  the  other,  except 
the  effect  of  molecular  H  at  high  temperatures. 

J.  W.  Richards'*  :  We  are  again  in  danger  of  making  too  broad 
a  generalization.     The  title  of  the  paper  should  be  changed  to 

'  General  Electric  Co.,   Schenectady. 

•  Director  of  Research,   Chile  Exploration   Co.,   New  York  City. 

*  Professor  of  Metallurgy',  Eehigh  University. 
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'■'Physical  Properties  of  Carbon  Steel" ;  it  would  then  refer  to 
the  kind  of  metal  tested.  The  conclusions  at  the  end  of  the  paper 
should  also  state  that  the  results  apply  to  carbon  steel.  Wherever 
the  electrolyte  penetrates  into  the  pores  of  the  metal,  the  surfaces 
wetted  are  the  seat  of  the  electrochemical  action.  Therefore,  the 
absorption  of  hydrogen  is  much  more  active  where  the  solution 
has  penetrated  under  the  outer  surface  and  has  come  in  contact 
with  the  interior  surfaces.  The  more  the  carbon  content  the 
greater  is  this  effect. 

John  Coulson  (Communicated)  :  Dr.  Carl  Hering  remarked 
that  injustice  had  been  done  to  cathode  pickling  in  my  paper. 
My  purpose  was  not  to  discredit  any  particular  pickling  process, 
but  to  show  the  effects  of  the  foregoing  processes  on  the  physical 
characteristics  of  iron.  His  statement :  "That  the  scale  is  not 
dissolved,  it  being  already  an  oxide ;  the  only  possible  cleansing 
action  in  this  case  would  be  dissolving  the  good  metal  beneath 
the  scale,"  referring  to  anode  pickling,  is  incorrect.  From  an 
elementary  consideration  it  will  be  seen  that  while  pickling  as 
anode  the  scale  is  partially  dissolved  due  to  the  action  of  the  acid 
on  the  iron,  liberating  hydrogen  which  unites  with  part  of  the 
oxygen  formed  electrolytically.  The  remainder  of  the  oxygen 
is  mostly  given  off  as  gas,  a  very  small  quantity  used  in  attack- 
ing good  metal.  There  is  no  iron  oxide  left  on  the  metal,  hence 
no  harmful  effect  in  subsequent  tinning  or  galvanizing.  A  very 
small  amount  of  the  original  scale  is  thrown  to  the  bottom  of  the 
electrolyte.  The  facts  brought  out  in  the  paper  are  that  harden- 
ing and  extreme  brittleness  result  from  cathode  pickling. 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  in  Pittsburgh,  October 
5,  1917,  President  Fink  in  the  Chair. 


THE  PREVENTION  OF  BRITTLENESS  IN  ELECTROPLATED 
STEEL  SPRINGS 

By  T.    S.   Fb'LLF.R. 

[Abstract.] 

The  literature  of  the  relations  of  hydrogen  to  iron,  causing 
brittleness,  is  extensively  reviewed.  In  the  author's  experimental 
work  he  tested  the  breaking  strength  of  seven  untreated  springs, 
then  tested  similar  ones  electrically  copper  plated,  pickled  in 
sulphuric  acid,  and  tinned  by  dipping  in  molten  tin  and  then  copper 
plated.  The  pickling  makes  them  brittle,  also  copper  plating,  but 
tin-dipping  before  copper  plating  is  found  to  prevent  embrittlement 
entirely. 


One  of  the  serious  problems  which  confronts  the  makers  and 
users  of  non-corroding  steel  springs  is  the  brittleness  produced 
therein  during  electroplating.  The  embrittlement  is  generally  con- 
ceded to  be  caused  by  the  nascent  or  atomic  hydrogen  which  is 
liberated  at  the  cathode,  although  M.  DeKay  Thompson  and 
C.  W.  Richardson^  conclude  from  their  experiments  that  hydrogen 
is  not  the  cause  of  this  trouble. 

Roberts-Austin-  gives  a  brief  summary  of  what  is  known  con- 
cerning the  relations  of  hydrogen  and  iron,  and  describes  an 
investigation  carried  on  by  him.  The  cooling  curve  of  the 
hydrogen-iron  alloys  shows  the  existence  of  two  distinct  evolutions 
of  heat,  which  occur  at  about  487°  and  26r  C.  (908°  and  502°  F.) 
After  repeated  heatings  of  the  metal  in  vacuo,  these  points  become 
so  small  that  it  is  impossible  to  identify  them  with  certainty.  It  is 
remarkable  that  repeated  heatings  and  coolings  of  low-carbon  and 

1  Met.   and  Chem.   Eng.,    16,  83-84    (1917). 

2  Fifth   Report  to   the  Alloys   Research    Committee:     Steel,    1899. 
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electrodeposited  iron  in  vacuo  reduce  the  magnitude  of  all  the 
now  well-known  molecular  changes^ — Ar  1,  Ar  2,  Ar  3,  as  indicated 
on  the  cooling  curves.  The  exhausted  electro-iron  may  be  re- 
charged with  electrolytic  hydrogen,  b}k  making  it  the  negative 
electrode  of  a  cell  decomposing  acidulated  water.  If  the  recharged 
iron  be  heated  in  vacuo,  as  already  described,  it  will  be  found  that 
the  evolutions  of  heat  in  cooling,  and  consequently  the  points  on 
the  curves,  will  be  restored  to  their  original  magnitude. 

Heyn^  found  that  iron  heated  above  730°  C.  in  hydrogen  and 
then  quenched  in  water  or  in  mercury  became  brittle.  Iron 
similarly  heated  in  nitrogen  and  quenched  was  not  brittle. 

Wedding*  discusses  in  detail  the  relations  of  iron  and  hydrogen 
and  develops  the  theory  that  the  two  elements  form  unstable 
alloys.  The  fact  that  iron  takes  up  nascent  hydrogen  at  low 
temperatures  and  is  made  very  brittle  thereby,  was  developed  by 
a  number  of  investigators  about  1870-80.  Numerous  researches 
showed  that  the  flexibility  and  elasticity  of  iron  wire  and  steel 
springs  were  greatly  decreased  by  pickling,  and  the  effect  is  the 
more  marked,  the  thinner  the  material.  Electrolytic  iron  may 
contain  nearly  250  times  its  volume  of  hydrogen,  while  the  com- 
mercial iron  averages  only  0.5  its  volume. 

Burgess  and  Engle'^  found  that  unheated  electrolytic  iron  dis- 
solved in  normal  sulphuric  and  hydrochloric  acid  almost  twice  as 
rapidly  by  weight  as  commercial  zinc.  After  heating  to  1,000°  C. 
and  cooling  slowly,  the  rate  of  solution  became  as  low  as  the  least 
corroded  form  of  iron  tested,  i.  e.,  transformer  iron. 

Richards  and  Behr**  found  that  nascent  hydrogen  is  more  readily 
absorbed  by  iron  than  is  gas.  They  mention  earlier  observations 
of  the  same  tiling:  "Cailletet  and  Johnson  showed  in  1875  that 
iron  will  take  up  at  ordinary  temperatures  electrolytic  hydrogen 
deposited  upon  it,  while  ordinary  gaseous  hydrogen  has  no  effect. 
Johnson's  work  was  particularly  interesting.  His  iron  was  in  the 
form  of  soft  wire  and  his  simple  method  of  testing  for  hydrogen 
was  to  bend  the  wire  to  test  its  brittleness,  since  he  had  discovered 

»  Stahl  und  Eisen,  20,  837  (1900). 
Z.  Phys.  Chem.,  58,  760-1   (1907). 
*  Internationale  Kongress  angew.  Chem.,  2,   27-51    (1903). 
"Trans.   Amer.   Electrochem.    Soc,   9,    199-206   (1906). 
'Carnegie  Institution  of  Washington   Publication  No.   61,   Part  II   (1906). 
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the  interesting  fact  that  hydrogen  imparted  this  property  to  iron 
previously  tough.  Immersing  the  wire  in  acids  which  react  on  it 
to  form  hydrogen  uniformly  made  it  brittle.  Making  the  wire 
the  cathode  in  neutral,  acid,  or  alkaline  solutions  had  the  same 
effect,  but  iron  anodes  were  unaffected  even  in  the  acid  solution. 
Other  wires  were  placed  in  a  bottle  full  of  water,  and  hydrogen 
was  made  to  bubble  violently  through  the  water,  without  any  trace 
of  absorption."  The  occluded  hydrogen  is  slowly  given  off,  upon 
exposure  to  the  air,  a  little  more  rapidly  in  pure  water  and  quickly 
in  ferrous  sulphate.  The  active  hydrogen  raises  the  single  poten- 
tial of  iron  by  as  much  as  0.15  volt,  although  hydrogen  gas  has 
a  lower  potential  than  iron. 

Burgess"  says  :  "Among  the  properties  of  electrolytic  iron  which 
may  give  it  some  added  usefulness  is  its  content  of  hydrogen  and 
the  brittleness  which  results  from  this  occluded  gas.  This  hydro- 
gen may  be  of  some  service  in  reducing  oxide  in  a  melt.  The 
brittleness  of  the  electrolytic  iron  before  the  hydrogen  is  driven 
off  makes  it  easy  to  break  it  into  pieces  suitable  for  introduction 
into  the  steel  crucibles." 

Charpy  and  Bonnerot^  have  observed  that  iron  at  ordinary 
temperatures  acts  as  a  membrane,  permeable  to  nascent  but  not  to 
molecular  hydrogen.  This  was  observed  by  experiment  with 
hydrogen  liberated  from  attack  of  acid  on  the  iron  membrane, 
and  also  by  making  the  latter  cathode  solution.  Osmosis  occurs 
only  when  the  hydrogen  is  liberated  directly  upon  the  membrane. 
Pressures  as  high  as  14  atmospheres  have  been  produced  by  such 
osmosis  into  a  closed  chamber. 

Andrew"  concludes  from  experiments  upon  iron  and  caustic 
soda  that  hydrogen,  upon  being  occluded  by  iron,  immediately 
gives  rise  to  the  production  of  large  crystals  and  brittleness.  "It 
is  not  contended  that  hydrogen  per  se  is  the  cause  of  the  crystal- 
lization, but  rather  that  it  is  due  to  the  evolution  or  occlusion  of 
hydrogen  effecting  a  molecular  disturbance." 

"Iron  gives  up  the  greater  part  of  its  hydrogen  as  the  tempera- 
ture passes  through  that  of  the  critical  stage." 

'Chem.  Engr.,  13,  82   (1911). 

Trans.  Amer.   Electrochem.   Soc,   19,   181-3    (1911). 
8Comp.   Rend.,    154,   592-4    (1912);    156,    394-6    (1913). 
■    "Trans.  Faraday  Soc,  9,  316-29  (1914). 
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He  quotes  Stromeyer^°  to  the  eft'ect  that  contact  with  cold  caus- 
tic soda  of  a  concentration  of  over  90  or  100°  Twaddell  not  only- 
causes  mild  steel  to  become  brittle,  but  also  tubes  and  plates  crack 
and  rivet  heads  fly  off.  This  takes  place  even  out  of  contact  v^^ith 
the  air  where  there  is  little  corrosion.  Stromeyer  states  that  this 
brittleness  and  corrosion  occur  only  when  the  metal  is  in  tension. 
Unstressed  or  compressed  metal  is  not  affected. 

Guillet"  mentions  that  electrolytic  iron  as  deposited  is  extremely 
brittle  and  hard,  "due  to  the  occluded  hydrogen,  and  probably  also, 
as  will  be  seen,  to  interstrain." 

Storey^-  found  that  the  extremely  brittle  and  soluble  electrolytic 
iron,  heated  to  between  500  and  600°  C.  gave  off  a  large  amount 
of  hydrogen  and  became  ductile  and  more  resistant  to  acid  without 
undergoing  any  apparent  change  in  crystalline  structure. 

Baraduc-iMuller^^  conducted  preliminary  experiments  on  the 
gases  contained  in  liquid  steel.  Ingots  were  melted  and  the 
gases  pumped  oft'  and  analyzed.  In  one  case  the  gas  amounted  to 
54.2  percent  by  volume  of  the  metal.  Hydrogen  was  the  principal 
constituent.  The  mechanical  properties  were  improved  by  removal 
of  the  gas. 

Parr^*  has  studied  the  embrittling  action  of  sodium  hydroxide 
on  soft  steel,  and  he  concludes  "The  evidence  seems  to  show 
that  the  embrittling  eft'ect  of  sodium  hydroxide  on  steel  is  due 
to  the  evolution  of  hydrogen  and  the  absorption  by  the  steel  of 
the  hydrogen  in  the  nascent  state." 

EXPERIMENTAL  WORK. 

The  work  herein  described  was  done  to  find,  if  possible,  a  means 
of  preventing  the  brittleness  of  electroplated  steel  springs.  All 
of  the  test  samples  were  made  from  the  same  lot  of  black  spring 
wire  0.120  inch  (30  mm.)  in  diameter.  Eight  or  ten  turns  of  the 
wire  were  wound  on  a  j'i  inch  (30  mm.)  mandrel  and  3  inch 
(7.5  cm.)  lengths  left  on  both  ends  of  the  spring  to  fit  into  the 
grips  of  the  testing  machine.    This  necessitated  a  sharp  bend  at 

">J.  Iron  and  Steel   Inst.,   1,   1909. 

"J.  Iron  and  Steel  Inst.,  90,  66-80   (1914). 

'2  Trans.  Amer.  Electrochem.   Soc,  25.  489-504   (1914). 

"Rev.  Metal,  12,  804-S  (1915). 

'*  University  of  Illinois,  Engineering  Experiment  Station,   Bulletin  No.   94   (1917).* 
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both  ends  of  the  coil  and  it  was  at  one  of  these  bends  where  the 
break  usually  occurred.  The  breaking  strength  as  determined  by 
an  Olsen  testing  machine  proved  to  be  the  best  criterion  for  com- 
paring the  springs  treated  in  different  ways. 

Effect  of  Copper-Plating. 

The  breaking  strength  of  seven  untreated  test  springs  (1-7, 
Table  I)  was  determined.  Five  of  the  seven  samples  broke  above 
400  lb.  (182  kg.),  the  values  ranging,  however,  between  310  and 
439  1b.  (141  and  200  kg.).  . 

Two  like  springs  were  made  cathode  for  Yz  hour  in  a  cyanide 
cppper  solution.  These  (No.  8  and  No.  9,  Table  I)  broke  at  69 
and  137  lb.  (31  and  62  kg.),  the  treatment  in  the  copper-plating 
solution  having  cut  down  the  breaking  strength  to  17  and  35  per- 
cent, respectively,  of  the  average  value  of  the  seven  untreated 
springs.  Furthermore,  the  copper-plated  samples  stretched  but 
very  little  before  breaking,  while  the  untreated  ones  stretched  to 
two  or  three  times  their  original  length. 

Effect  of  HSO^  Pickle. 

Test  spring  No.  10  (Table  I)  was  pickled  for  three  minutes 
and  No.  11  (Table  I)  for  one  hour,  in  a  twenty  percent  H2SO4 
solution.  The  former  sample  broke  at  198  lb.  (90  kg.),  showing 
a  reduction  in  strength  to  50  percent  of  the  untreated  value,  and 
the  latter  at  29  lb.  (13  kg.)  with  a  reduction  in  strength  to  7 
percent  of  the  untreated  value.  The  latter  sample  was  reduced 
0.001  inch  (0.025  mm.)  in  diameter  by  solution  in  the  acid. 

Effect  of  Tin  in  Preventing  Brittleness. 

It  was  then  thought  that  a  coating  of  tin  on  the  steel  might 
prove  to  be  impervious  to  the  action  of  the  atomic  hydrogen,  and 
thus  allow  the  spring  to  be  copper-plated  without  impairing  its 
mechanical  properties.  This  was  found  to  be  true.  The  first  test 
samples  which  were  tin-dipped,  however,  were  pickled  for  a  few  . 
seconds  in  H2SO4  previous  to  the  dipping.  These  (12  and  13, 
Table  I)  showed  breaking  strengths  of  only  38  and  32  lb.  (17  and 
14.5  kg.).     Nos.  14  and  15,  which  were  pickled,  tin  dipped,  and 
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copper-plated,  showed  breaking  strengths  of  22  and  34  lb.  (10  and 
15.5  kg.).  The  very  poor  results  obtained  from  these  four 
samples,  however,  were  due  to  the  H2SO4  pickle  which  they 
received  before  dipping. 

Two  samples  (16  and  17,  Table  I),  without  having  been  pickled, 
were  dipped  directly  into  rosin  and  then  into  molten  tin  heated 
to  a  temperature  of  260°-300°  C.  These  springs  broke  at  300  and 
352  lb.  (136  and  160  kg.),  or  in  the  neighborhood  of  the  range  of 
the  untreated  springs  (310-439  lb.  (141-200  kg.). 

Samples  18,  19,  20,  21,  22  and  23  (Table  I)  were  sand-blasted, 
dipped  in  rosin  and  molten  tin,  and  copper-plated  in  the  same 
solution  used  for  the  copper-plated  springs  previously  described. 
These  samples  showed  breaking  strength  from  318  to  417  lb. 
(145  to  189  kg.),  all  of  which  are  well  within  the  range  of  the 
values  for  the  untreated  springs. 


Table  I. 


Breaking  Strength 

Untreated    433    1b.    (196  kg, 

438  "  (199  " 

435  "  (197  " 

374  "  (170  " 

439  "  (200  " 

418  "  (190  " 

310  "  (141  " 

69  "  (31  " 

137  "  (62  " 

Pickled  20  percent  H^SO^— 3  minutes 198  "  (  90  " 

"   —1  hour  29  "  (14  " 

Sn  dipped  38  "  (17  " 

32 

"    "    "   Cu  plated  22 

"   "    34 

Sn  dipped  (rosin)  Cu  plated 300 

"   "   352 

Sand  blasted,  Sn  dipped  (rosin)  Cu  plated 390 

"  318 

"  417 

"  356 

"  410 

"  402 


1. 

2. 

3. 

4. 

5. 

6. 

7. 

8.     Copper  plated 

9. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


(  15 
(  10 
(  16 
(136 
(160 
(178 
(145 
(190 
(162 
(186 
(184 
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PREVENTION  OF  BRITTLENESS  IN  STEEL  SPRINGS. 

Table  II. 

No.  24. — Untreated. 

Diameter  of  wire  (inch) 0.117 

Mean  diameter  of  spring 0.773 

Number  of  turns 5 
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Load,  Pounds 

Stretch, 
Inches 

Total  Set. 
Inches 

0 

0 

0        ! 

20 

0.078 

0 

40 

0.250 

0      ' 

60 

0.344 

0 

80 

0.516 

0 

100 

0.703 

0.062 

120 

1.062 

0.234 

140 

1.625 

0.687 

No.  25. — Copper  Plated. 

Diameter  of  wire   (inch) 0.120 

Mean  diameter  of  spring 0.782 

Number  of  turns 5 


0 

0 

0  ^ 

20 

0.125 

0 

40 

0.312 

0 

60 

0.453 

0 

80 

0.578 

0 

100 

0.703 

0.078 

120 

1.031 

0.234 

140 

1.656 

0.734 

No.  26. — Tin  Coated  (Rosin)  Copper  Plated. 

Diameter  of  wire   (inch) 0.123 

Mean  diameter  of  spring 0.779 

Number  of  turns 5 


0 

0 

0 

20 

0.156 

0 

40 

0.281 

0 

60 

0.406 

0 

80 

0.531 

0.0156 

100 

0.656 

0.0625 

120 

0.984 

0.2187 

140 

1.406 

0.5312 
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Effect  of  Tin  Dipping  on  the  Mechanical  Properties. 
The  mechanical  properties  of  the  samples  were  not  appreciably 
changed  by  the  tin  treatment.    Table  II  shows  the  results  of  tests 
made  on  three  similar,  but  differently  treated  springs,  made  froin 
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the  same  lot  of  wire  as  those  previously  described,  but  wound  on 
a  Yz  inch  (12.5  mm.)  instead  of  a  y%  inch  (3  mm.)  mandrel.  No. 
24  was  untreated,  25  copper-plated  and  26  tin-dipped  (rosin)  and 
copper-plated.  For  the  same  load,  all  three  springs  show  approx- 
imately the  same  stretch  and  total  set. 

The  three  curves  in  Fig.  1  show  graphically  the  relation  of  the 
stretch  to  the  load  for  springs  24,  25  and  26,  plotted  from  data  in 
Table  II. 

Fig.  2  shows  the  relation  of  the  permanent  set  to  the  load  for 
the  same  springs. 

CONCLUSIONS. 

The  facts  are  all  in  accord  with  the  assumption  that  the  absorp- 
tion by  the  steel  of  atomic  or  nascent  hydrogen  liberated  at  the 
cathode  is  the  cause  of  the  embrittlement  of  steel  springs  in  the 
plating  bath. 

This  embrittlement  may  be  prevented  by  first  dipping  the  springs 
in  a  bath  of  molten  tin.  The  tin  forms  a  coating  on  the  steel  which 
is  impermeable  to  atomic  hydrogen.  Rosin  may  be  used  as  a  flux 
in  the  tin  dipping.  The  springs  may  be  sand-blasted,  but  must 
not  be  pickled  in  acid. 

Steel  springs  may  be  dipped  in  molten  tin  at  a  temperature  of 
260°-300''  C.  without  appreciably  changing  their  mechanical 
properties. 

Research  Laboratory, 
General  Electric  Co., 
Schenectady,  A\  Y. 


DISCUSSION. 

G.  B.  HoGABOOM^ :  There  is  a  tendency  to  accept  any  formula 
for  a  plating  solution  that  may  be  in  use  at  the  time,  electro- 
plating steel  springs  in  it,  and  not  taking  into  consideration  the 
effect  of  such  solution  on  steel.  Papers  have  been  published  in 
the  Transactions  of  this  Society  upon  nickel-plating  solutions  in 
which  hydrogen  has  been  deposited  primarily.     In  such  a  solu- 

^  Research  Laboratory,  Scovill  Mfg.  Co.,  Waterbury,  Conn. 
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tion  the  steel  springs  will  become  brittle.  By  correcting  the  solu- 
tion so  that  the  hydrogen  would  not  be  deposited  primarily,  the 
brittleness  of  the  spring  would  not  occur. 

President  C.  G.  Fink-:  Have  you,  Mr.  Fuller,  tried  to  plate 
your  springs  and  avoid  the  formation  of  such  a  deposit? 

Mr.  Fuller:  I  have  not  tried  that.  I  have  used  only  the 
ordinary  cyanide  solution. 

Mr.  Hogaboom  :  Has  Mr.  Fuller  analyzed  the  solution  to  de- 
termine the  amount  of  free  cyanide  present? 

T.  S.  Fuller  (Communicated)  :  Mr.  Hogaboom's  remarks 
refer  to  a  phase  of  the  subject  quite  different  from  that  described 
in  my  paper.  If  the  average  electro-plater  be  given  a  lot  of  steel 
springs  to  plate,  he  will  in  most  cases  produce  a  brittle  product, 
and  one  which  cannot  be  relied  upon.  I  have  described  a  prelimi- 
nary way  of  treating  steel  springs,  after  which  they  may  be  plated 
by  any  electro-plater  and  found  dependable.  I  have  not,  however, 
gone  into  the  question  of  the  composition  of  the  plating  solution. 

'  Director  of  Research,  Chile  Exploration  Co.,  New  York  City. 
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THE  CORROSION  OF  METALS  BY  AC  EDS. 

By  Oliver  P.  Watts  and  Newton  D.  Whipple. 

[Abstract.] 

The  authors  study  the  rate  of  solution  of  zinc,  amalgamated 
zinc,  iron,  copper,  silver,  and  gold,  in  various  solutions,  at  normal 
atmospheric  pressures  and  under  a  vacuum,  and  draw  many 
theoretical  deductions  therefrom  regarding  the  discharge  potential 
of  hydrogen  on  various  metals  and  the  electrochemical  mechanism 
of  the  corrosion. 


On  account  of  the  great  economic  interests  involved,  the  corro- 
sion of  metals  is  one  of  the  most  important  of  the  many  technical 
problems  which  today  engage  the  attention  of  electrochemists. 
The  importance  of  galvanic  couples  in  the  corrosion  and  protection 
of  metals  received  early  recognition,  but  it  is  only  in  recent  years 
that  the  whole  problem  of  corrosion  has  been  recognized  as  being 
electrochemical  in  its  nature.  It  was  formerly  supposed  that  zinc 
dissolved  in  sulphuric  acid  because  the  affinity  of  this  metal  for 
the  SO4  radical  exceeded  that  of  hydrogen  for  the  same ;  and  that 
for  the  action  to  go  on  until  either  the  zinc  or  the  acid  was  ex- 
hausted it  was  only  necessary  that  the  product,  zinc  sulphate, 
should  be  soluble. 

Among  the  many  natural  phenomena  to  whose  explanation  the 
theory  of  electrolytic  dissociation  has  been  applied,  is  the  corrosion 
of  iron^ ;  according  to  this,  the  formation  of  a  soluble  compound 
is  not  a  prerequisite  to  the  dissolving  of  a  metal  by  an  acid,  the 
metal  going  directly  into  solution  as  ions,  and  any  compounds 
which  may  be  formed  being  the  result  of  combinations  which 
occur  after  solution  has  taken  place.     From  either  the  chemical 

*  W.   R.  Whitney,  J.  Amer.   Chem.   S.    (1903),   1,  394. 
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or  the  ionic  point  of  view,  an  electrolyte  is  like  a  room  so  crowded 
that  no  newcomers  can  enter  unless  some  of  those  already  present 
pass  out  to  make  place  for  them. 

On  account  of  the  enormous  scale  on  which  it  occurs,  the  rusting 
of  iron  has  received  more  attention  than  any  other  case  of  the 
corrosion  of  metals,  and  it  is  admitted  by  all  that  oxygen  is  neces- 
sary for  the  continuation  of  this  process.  Since  the  passage  of 
ions  into  solution  does  not  demand  oxygen,  it  appears  at  first  sight 
as  if  the  proved  need  for  oxygen  were  fatal  to  the  ionic  theory  of 
the  corrosion  of  metals. 

In  the  extraction  of  gold  and  silver  by  the  cyanide  process,  the 
presence  of  oxygen  was  also  found  to  be  necessary  in  order  that 
solution  of  the  metals  may  take  place  with  sufficient  rapidity  to 
make  the  process  practical.  In  this  case  the  products  formed  by 
the  dissolving  of  the  metals  do  not  contain  oxygen,  and  from 
either  the  chemical  or  the  ionic  view  of  the  dissolving  of  metals, 
the  function  of  oxygen  was  obscure.  The  extensive  use  of  the 
cyanide  process  led  to  a  detailed  study  of  the  chemical  changes 
involved,  and  in  1903  the  role  of  oxygen  in  the  dissolving  of  gold 
by  cyanide  solutions  was  made  clear  for  the  first  time  by  that 
pioneer  mining  engineer  (who  perished  in  the  Titanic  disaster) 
Henry  F.  Julian,^  who  showed  by  experiment  that  the  accelerative 
effect  of  oxygen  on  the  solution  of  gold  by  cyanide  is  due  to  its 
removing  from  the  surface  of  the  ore  the  hydrogen  which  is  dis- 
placed by  the  gold  when  it  dissolves.  If  the  hydrogen  is  allowed 
to  accumulate  its  presence  greatly  retards  solution  of  the  gold. 

Several  years  later,  W.  H.  Walker^  gave  a  similar  explanation 
of  the  function  of  oxygen  in  the  corrosion  of  iron.  "We  have 
shown  that  the  primary  function  of  oxygen  in  the  corrosion  of 
iron  is  in  depolarizing  those  cathodic  portions  of  the  iron  upon 
which  hydrogen  tends  to  precipitate,  and  that  a  secondary  function 
is  the  oxidation  of  the  ferrous  iron  ion  to  the  ferric  form,  with 
its  subsequent  precipitation  as  ferric  hydroxide." 

When  iron  is  put  in  electrical  contact  with  metals  of  higher 
potential,  such  as  zinc  or  cadmium,  the  iron  is  cathode  in  the  vol- 
taic cell  that  is  formed  whenever  the  combination  of  metals  is 

'  Cyaniding  Gold  and  Silver  Ores.     Julian  and  Smart,  p.   65. 
»J.   Amer.   Chem.    S.    (1907),   1264. 
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moistened,  and  therefore  the  iron  corrodes  less  rapidly  than  if  it 
were  not  in  contact  with  the  other  metal.  But  when  iron  makes 
contact  with  copper,  silver,  or  platinum,  metals  of  lower  poten- 
tial, the  iron  is  anode  in  the  voltaic  cell,  and  its  corrosion  is 
greater  than  it  would  be  in  the  absence  of  the  other  metals. 
Landis*  says,  "Do  not  plate  with  a  nobler  metal  a  material  that 
is  likely  to  be  subjected  to  wear  on  one  spot,  and  which  spot  is 
to  be  moistened  with  liquids."  But  in  order  that  galvanic  action 
shall  take  place  it  is  usually  unnecessary  for  electroplated  objects 
to  be  subjected  to  sufHcient  use  to  wear  ofif  the  plating  at  some 
point,  since  electro-deposits  of  ordinary  thickness  are  sufficiently 
porous  to  permit  galvanic  action  as  soon  as  the  object  is  exposed 
to  moisture.^ 

The  excessive  corrosion  of  iron  by  sulphuric  acid  caused  by 
adding  salts  of  copper,  silver,  or  platinum,  is  just  what  would  be 
predicted  from  the  theory  of  galvanic  action.  Cases  are  known, 
however,  in  which  the  addition  to  sulphuric  acid  of  salts  of  other 
metals,  also  more  noble  than  iron,  instead  of  stimulating  corrosion 
of  the  iron,  greatly  retards  it.^  Compounds  of  arsenic  have  this 
effect,  and  have  been  used  with  good  results  in  commercial  work 
to  prevent  corrosion  of  iron  pipes  by  acid  waters.''  The  reason 
for  this  unusual  protective  action  is  the  high  "discharge  poten- 
tial"* of  hydrogen  on  arsenic.  The  action  is  as  follows :  Since 
iron  is  electro-positive  to  arsenic,  it  displaces  this  element  from 
solution,  and  a  porous  coating  of  arsenic  is  formed  on  the  iron. 
In  the  voltaic  cell  thus  formed  arsenic  is  the  cathode,  and  conse- 
quently it  is  on  this  that  the  hydrogen  expelled  by  the  dissolving 
of  iron  is  deposited.     The  discharge  potential  of  hydrogen  on 

*  Trans.  Am.  Electrochemical  Soc.   (1911),   19,  62. 
•Trans.  Am.   Electrochemical   Soc.    (1916),  30,    145. 
•Trans.  Am.   Electrochemical   Soc.    (1912),   21,   337. 

'  Corrosion  and   Preservation  of  Iron  and   Steel.     Cushman   and  Gardner,   p.   297. 

•  The  term  "discharge  potential"  has  been  used  so  little  in  recent  electrochemical 
literature  that  an  explanation  of  this  useful  term  may  be  desirable  at  this  time.  If 
copper  be  used  as  cathode  in  a  solution  of  ferrous  sulphate  until  completely  covered 
with  iron,  a  change  in  potential  takes  place  from  — O.Sl,  the  potential  of  copper, 
to  +0.09,  that  of  iron.  If  sulphuric  acid  is  used  as  the  electrolyte  instead  of  copper 
sulphate,  hydrogen  is  deposited  in  place  of  copper,  and  the  potential  rises  only  to 
— 0.01  volt,  w/hen  hydrogen  is  visibly  evolved;  the  potential  of  the  cathode  when  this 
occurs  is  the  discharge  potential  of  hydrogen  on  copper.  The  potential  of  the  cathode 
required  for  the  evolution  of  hydrogen  depends  on  the  material  of  which  it  is  made, 
so  that  the  discharge  potential  of  hydrogen  is  different  for  each  metal.  It  is  earnestly 
recommended  that  "discharge  potential"  be  used  instead  of  overvoltage  in  cases  where 
the  latter  term  has  heretofore  been  employed  to  designate  the  potential  of  an  electrode 
required   for  the   evolution   of   some   particular   gas. 
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arsenic  exceeds  the  potential  of  iron  in  dilute  sulphuric  or  hydro- 
chloric acid,  and  hence  as  iron  dissolves,  thereby  causing  an  accu- 
mulation of  hydrogen  on  the  arsenic,  the  deposition  of  this  gas 
becomes  more  difficult,  and  before  enough  hydrogen  has  been 
displaced  to  escape  as  visible  bubbles,  the  potential  required  for 
its  further  deposition  equals  the  driving  force,  the  potential  of 
iron,  and  action  therefore  ceases. 

Various  explanations  have  been  given  for  the  protection 
afforded  by  amalgamation.  .  Grove  in  1837^  suggested  that  the 
protection  is  due  to  polarization,  the  hydrogen  that  is  evolved 
combining  with  the  mercury  to  render  it  electro-positive.  Faraday 
considered  that  the  mercury  produced  a  uniform  condition  on  the 
surface,  and  thus  afforded  protection,  Carhart^  considers  the 
protective  effect  to  be  two-fold:  1st,  the  elimination  of  local  cur- 
rents by  the  production  of  a  film  of  pure  zinc  on  the  surface,  and 
2d,  the  adhesion  of  a  film  of  hydrogen  to  the  amalgamated 
surface. 

In  the  references  already  given,  the  function  of  oxygen  in  the 
dissolving  of  gold  and  iron  have  been  explained  and  the  impor- 
tance of  hydrogen  in  this  process  has  been  brought  out.  It  is  only 
reasonable  to  expect  that  the  principles  which  have  been  found  to 
apply  to  the  solution  of  gold  and  iron  will  hold  for  the  dissolving 
of  other  metals,  and  it  was  with  the  hope  of  extending  the  appli- 
cation of  these  principles  to  the  corrosion  of  metals  generally  that 
the  experiments  which  follow  were  undertaken. 

Unless  otherwise  specified,  the  tests  were  carried  on  in  tumblers 
containing  180  or  190  c.c.  of  the  acid  or  other  corroding  agent. 
The  tumblers  were  covered  by  watch  glasses  to  lessen  evaporation, 
and  were  set  in  a  constant  temperature  water  bath.  The  square 
sheets  of  metal,  with  the  exception  of  gold  and  platinum,  were  of 
such  dimensions  that  they  were  held  upright  by  the  sides  of  the 
tumblers,  so  that  both  sides  of  the  specimen  were  exposed  to  the 
corroding  agent. 

One  of  the  authors"  has  already  presented  to  this  Society  an 
account  of  experiments  which  show  that  the  protection  of  iron 
by  arsenic  against  corrosion  by  sulphuric  acid  is  probably  due  to 

•Phil.  Mag.,   IS,  81. 

•  Primary  Batteries,  p.   34. 

"Trans.   Am.    Electrochemical    Soc.    (1912),    21,    337. 
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the  discharge  potential  of  hydrogen  on  arsenic  being  higher  than 
the  potential  of  iron  in  this  acid.  It  has  been  stated^ ^  that  the 
protective  action  of  arsenic  on  iron  is  much  less  in  hydrochloric 
than  in  sulphuric  acid. 

If,  as  is  believed  by  the  authors,  the  protective  action  of  arsenic 
is  due  to  the  polarizing  action  of  a  film  of  hydrogen  on  the  arsenic, 
the  addition  to  the  acid  of  oxidizing  agents  capable  of  removing 
hydrogen  should  wholly  or  partially,  according  to  the  amount  of 
oxidizing  agent  used,  nullify  the  protective  efifect  of  arsenic. 

Table  I. 

Temperature  of  bath 37.5°  C. 

Time 45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  used  '  Loss  in  Grams 

1.  Fe  N.  HCI      190  c.c 4.9812 

2.  Fe  N.  HCI      190  c.c,  5  c.c.  30%  H,0: 5.3355 

3.  Fe  N.  HCI      190  c.c,  0.25  g.  NajAsO^ 0.2631 

4.  Fe  N.  HCI      190  c.c,  0.25  g.  NasAsO*,  5  cc  H.O2 2.9706 

5.  Fe  N .  H=S04  190  c.c 4.5245 

6.  Fe  N.  H=S04  190  cc,  5  cc  30%  H^O^ 5.2119 

7.  Fe  N.  H.SO4  190  cc,  0.25  g.  Na^AsO* 0.1050 

8.  Fe  N.  H:S04  190  cc,  0.25  g.  Na^AsO*,  5  c.c  H2O2 2.8118 

From  the  experiments  of  Table  I  it  is  seen  that  corrosion  in 
hydrochloric  acid  was  slightly  greater  than  in  sulphuric  acid, 
agreeing  with  the  reaction  velocities  of  these  acids  in  other  cases. 
The  oxidizing  agent  induced  extensive  corrosion  in  No.  4  and  8, 
in  spite  of  the  presence  of  arsenic. 

If  the  authors'  hypothesis  is  correct,  in  solutions  which  corrode 
iron  without  evolution  of  hydrogen,  arsenic  should  have  no  pro- 
tective action.  The  results  of  corrosion  by  ferric  chloride  and 
ferric  sulphate  are  given  in  Tables  II  and  III. 

Table  II. 

Temperature  of  bath 37.5°  C. 

Time 45  hours 

Area  of  specimens 58  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

9.  Fe    N.  HCI   190  cc 3.0315 

10.  Fe  N.  HCI   190  cc,  15  g.  Fe^CSOOa 5.8159 

11.  Fe  N.  HCI   190  cc,  15  g.  Fe2(S04)3,  0.25  g.  NaaAsO^...  1.6088 

12.  Fe  H.O  190  cc,  15  g.  Fe2(S04)3 1.9326 

13.  Fe  H.0  190  cc,  15  g.  Fe=( 804)3,  0.25  g.  NasAsO*. . .   1.6276 

"Trans.  Am.  Electrochemical  Soc.    (1905),  8,   169. 
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Specimen 


Table  III. 

Temperature  of  bath 38"  C. 

Time 46  hours 

Area  of  specimens 58  sq.  cm. 

Reagents  used 


Loss  in  Grams 


14.  Fe  . .  N.  HCl  190  c.c,  10  g.  FeCU 5.4359 

15.  Fe  . .  N .  HCl   190  c.c,  10  g.  FeCU,  0.25  g.  Na3As04 1.7528 

16.  Fe H2O  190  c.c,  15  g.  FeCL 1.6552 

17.  Fe H2O  190  cc,  15  g.  FeCU,  0.25  g.  NaaAsO^ 1.4576 


Table  IV. 


Specimen 


Reagents  iised 


Loss  in  Grams 


18.  Fe HoO  190  cc,  10  g.  FeCU 0.9501 

19.  Fe H.0  190  c.c,  10  g.  FeCl^,  0.25  g.  Na3As04 1.0058 

20.  Fe H=0  190  c.c.  10  g.  Fed.  0.25  g.  Na^AsO^,  5  cc  H2O2. . .   1.1608 

A  comparison  of  12  with  13,  and  16  with  17,  shows  such  a 
slight  protection  against  corrosion  by  ferric  salts  as  might  be 
expected  from  the  lessened  surface  of  iron  exposed,  due  to  some 
iron  being  covered  by  arsenic,  but  18-19  shows  a  contrary  effect; 
this  discrepancy  can  not  at  present  be  explained.  The  corrosion 
produced  by  the  combination  of  hydrochloric  acid  and  ferric  sul- 
phate considerably  exceeds  the  sum  of  the  losses  in  those  reagents 
separately.  This  is  in  agreement  with  results  previously  obtained^^ 
in  which  iron  lost  2.84  grams  in  sulphuric  acid,  4.22  grams  in 
copper  sulphate,  and  14.89  grams  in  a  combination  of  the  two 
solutions.  Table  II  shows  the  arsenic  to  have  a  selective  action; 
it  stops  corrosion  by  acid,  but  does  not  interfere  with  corrosion 
by  ferric  sulphate,  except  to  the  small  extent  previously  noted  as 
probably  due  to  a  reduction  in  the  surface  of  iron  exposed.  Nos. 
19  and  20  show  that  the  great  acceleration  in  the  corrosion  of  iron 
protected  by  arsenic,  which  was  observed  when  hydrogen  peroxide 
was  added  to  acids,  does  not  occur  in  ferric  chloride ;  no  hydrogen 
liberated  in  the  process  of  corrosion,  no  acceleration  produced  by 
the  oxidizing  agent. 

For  more  than  a  half-century  battery  zincs  which  are  to  be 
used  in  acid  electrolytes  have  been  amalgamated,  to  prevent  useless 
loss  of  zinc  when  no  current  is  being  drawn  from  the  cell.  Several 
explanations  of  the  protection  afforded  by  amalgamation  have 
already  been  quoted,  from  which  it  appears  that  hydrogen  is  in 
some  way  generally  held  responsible  for  the  protective  effect.    A 

"Trans.  Am.   Electrochem.    Sec.    (1912),   21,   350. 
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comparison  of  the  discharge  potentials  of  hydrogen  on  zinc  and 
on  mercury  with  the  potential  of  zinc  makes  clear  the  nature  of 
protection  by  amalgamation.  The  discharge  potential  of  hydrogen 
on  zinc  as  computed  from  Caspari's  values  for  overvoltage  in 
sulphuric  acid^^  is  0.462,  slightly  lower  than  the  potential  of  zinc, 
so  that  pure  zinc  should  dissolve  slowly  in  sulphuric  acid ;  but  the 
discharge  potential  of  hydrogen  on  mercury  is  0.542,  slightly 
higher  than  the  potential  of  zinc. 

When  amalgamated  zinc  is  put  into  dilute  sulphuric  acid,  zinc 
begins  to  dissolve,  and  displaces  hydrogen  just  as  if  the  metal 
were  unamalgamated ;  but  before  the  deposited  hydrogen  has 
become  sufficient  in  amount  to  be  visible  or  to  escape  as  gas,  the 
polarization  produced  by  it,  and  therefore  the  electrical  pressure 
necessary  to  deposit  more  hydrogen,  has  risen  to  equal  the  poten- 
tial of  zinc,  when  this  metal  is  no  longer  capable  of  displacing 
hydrogen,  and  its  solution  ceases.  If  this  view  is  correct,  addition 
to  the  acid  of  an  oxidizing  agent  that  is  capable  of  removing 
hydrogen  ought  to  cause  amalgamated  zinc  to  corrode,  as  should 
also  the  use  of  a  corroding  agent  that  evolves  no  hydrogen  by  its 
action.  The  results  of  such  tests  on  commercial  sheet  zinc  are 
given  in  Table  V. 

Table  V. 

Temperature  of  bath 37  5°  C. 

Time 45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

21.  Zn    N.  HCl  190  c.c 6.3462 

22.  Zn   N.  CH:,COOH  190  c.c 1.3928 

23.  ZnHg   . . .  .N.  HCl  190  c.c 0.6718 

24.  ZnHg   . . .  .N.  HCl  190  c.c,  10  g.  K.Cr=07 3.0527 

25.  ZnHg   ....N.  HCl  190  c.c,  10  g.  NaClOa 1.9926 

26.  Zn   N.  HCl  190  cc,  2  g.  HgCU —0.3038 

27.  Zn    N.  HCl  190  cc 6.1117 

28.  Zn   N.  HCl  190  cc,  2  g.  HgCU,  5  c.c.  H.Oo 2.2844 

29.  Zn    H=0  190  c.c,  10  g.  FeCU 1.3895 

30.  ZnHg  H.O  190  c.c,  10  g.  Fed, 1.5840 

It  is  seen  from  Table  V  that  oxidizing  agents  stimulated  the 
corrosion  of  amalgamated  zinc,  just  as  was  expected,  and  that 
amalgamation  does  not  protect  zinc  against  corrosion  by  ferric 
chloride.    No  significance  should  be  attached  to  the  fact  that  the 

"  Zeit.  f.  phys.  Chem..  30,  89. 
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corrosion  of  amalgamated  zinc  by  hydrochloric  acid  was  about  ten 
percent  of  that  dissolved  from  the  unamalgamated  metal,  for  in 
the  latter  case  the  acid  was  all  used  up,  so  that  had  double  the 
amount  of  acid  been  employed,  the  corrosion  would  have  been 
only  five  percent  of  that  of  the  unprotected  zinc.  In  26  there 
was  a  gain  in  weight,  due  to  the  replacement  of  some  of  the  zinc 
by  mercury. 

As  a  further  confirmation  of  the  failure  of  amalgamation  to 
protect  zinc  from  corrosion  by  reagents  which  do  not  liberate 
hydrogen,  the  experiments  of  Table  VI  were  tried,  using  ammo- 
nium and  potassium  persulphates  as  corroding  agents.  The  results 
came  as  a  surprise  after  so  many  experiments  had  shown  that 
neither  arsenic  nor  mercury  protects  from  corrosion  unless 
hydrogen  is  evolved  to  cause  polarization.  Samples  31,  32  and  33 
show  that  corrosion  in  ammonium  persulphate  is  cut  in  half  by 
amalgamation,  and  that  the  addition  of  hydrogen  peroxide  stimu- 
lates corrosion.  Nos.  34,  35  and  36  show  a  similar  result  except 
that  protection  by  amalgamation  was  much  greater  in  potassium 
persulphate.    There  was  an  evolution  of  gas  in  every  case. 

Table  VI. 

Temperature  of  bath 37.5"  C 

Time 107  or  45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grains 

31.  Zn*  U,0  190  c.c,  10  g.  (NH4)2(S04)2 2.5160 

32.  ZnHg*  H3O  190  cc,  10  g.  (NHO^CSOO^ 1.0186 

33.  ZnHg*  H2O  190  c.c,  10  g.  (NH.)2(SO0a,  5  c.c.  H.O2....  2.8530 

34.  Zn  H=0  190  c.c,  10  g.  K.CSOi)^ 2.2894 

35.  ZnHg  H=0  190  cc,  10  g.  K^CSOO^ 0.1589 

36.  ZnHg H=0  190  cc,  10  g.  K,(S0.)2,  5  cc.  H2O2 2.1700 

*Tiine  107  hours 

In  the  experiments  with  ferric  chloride  and  ferric  sulphate  no 
gas  had  been  evolved  ;  it  was  therefore  thought  that  the  discordant 
results  obtained  in  the  experiments  of  Table  VI  were  in  some 
way  due  to  the  gas  evolved,  which  was  naturally  supposed  to  be 
oxygen.  The  gas  set  free  in  the  reaction  between  zinc  and  ammo- 
nium persulphate  was  collected,  and  found  to  be  hydrogen,  free 
from  oxygen,  so  that  the  protection  by  amalgamation  and  the 
stimulation  of  corrosion  by  hydrogen  peroxide  is  in  harmony  with 
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previous  experiments.  The  large  loss  of  weight  of  amalgamated 
zinc  in  ammonium  persulphate  indicates  either  a  less  evolution  of 
hydrogen  or  a  much  more  active  oxidation  of  this  than  occurred 
in  the  potassium  persulphate. 

As  a  result  of  these  experiments  it  is  believed  that  the  protection 
of  zinc  by  amalgamation  is  due  to  the  elevation  of  the  discharge 
potential  of  hydrogen  brought  about  by  the  presence  of  mercury. 
In  the  absence  of  oxidizing  agents  any  metal  will  "be  protected  by 
amalgamation  when  its  potential  in  the  solution  used  exceeds  the 
discharge  potential  of  hydrogen  on  itself,  but  is  less  than  the  dis- 
charge potential  of  hydrogen  on  mercury. 

Whether  viewed  from  the  standpoint  of  Nernst's  theory  of 
solution  pressure  or  from  a  consideration  of  their  potentials,  the 
metals  copper,  mercury,  silver,  platinum  and  gold  fall  into  a  differ- 
ent class  as  regards  corrosion  by  acids  (except  for  such  as  are 
oxidizing  agents)  than  do  the  metals  so  far  considered.  Their 
solution  tensions  are  less,  and  their  potentials  are  lower  than  the 
values  published,  and  usually  accepted  for  hydrogen.  This  means 
that  none  of  these  metals  should  be  able  to  displace  hydrogen  ions 
from  electrolytes,  and  hence  that  they  should  not  be  attacked  by 
acids. 

The  violent  attack  of  copper  and  vigorous  solution  of  silver  by 
strong  nitric  acid  seemed  to  the  authors  to  mean  that  the  dis- 
placement of  hydrogen  from  acids  by  these  metals  must  begin, 
just  as  with  zinc  or  iron ;  but  before  the  hydrogen  has  reached 
a  sufficient  concentration  to  be  evolved  as  visible  gas  the  potential 
required  for  its  further  discharge  exceeds  that  of  the  metal,  so 
that  action  ceases  unless  this  incipient  film  of  hydrogen  is  removed. 
When  its  removal  is  brought  about  by  any  means,  enough  metal 
immediately  dissolves  to  cause  the  replacement  of  the  films  by 
expulsion  of  hydrogen  from  the  acid.  If  the  film  of  hydrogen  be 
continuously  and  rapidly  removed  the  solution  of  metal  will  take 
place  at  the  same  rate.  No  other  view  seems  capable  of  reconciling 
the  vigorous  attack  of  these  metals  by  nitric  acid,  and  their  com- 
parative immunity  to  attack  by  sulphuric  acid.  If  this  theory  is 
correct  it  ought  to  be  possible  to  dissolve  silver  and  copper  rapidly 
by  adding  an  oxidizing  agent  to  any  strong  acid  that  forms  a 
soluble  salt  with  these  metals. 

18 
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In  Table  VII  are  given  the  potentials  of  several  metals  accord- 
ing to  measurements  by  Neumann^*,  the  discharge  potential  of 
hydrogen  calculated  from  values  of  overvoltage  by  several  experi- 
menters, and  the  heats  of  formation  of  chlorides. ^^ 

Table  VIL 


Disch. 

Potential  minus 

normal 

Potential  of 

Dis.  Potential 

Heats  of  formation  of  chlorides 

so.            CI 

Hydrogen 

of  Hydrogen 

Anbydr. 

In  water 

Zn     0.524     0.503 

Har 

0.548 

Fe       0.183 

K,,CU 

211220 

202340 

Cd     0.162     0.174 

Zn 

0.468 

Zn       0.062 

Zn,CU 

97210 

112840 

Fe     0.093     0.087 

Pb 

0.408 

Ni       0.006 

Cd.Cla 

93240 

96250 

Sn      ....  —0.085 

Sn 

0.298 

Cd  —0.080 

Fe.CU 

82050 

99950 

Pb      ....  —0.095 

Cd 

0.248 

Sn    —0.377 

Sn,CU 

80790 

81140 

H  —0.238—0.249 

As 

0.158 

Pb  —0.497 

H*CU 

78630 

Cu— 0.515      .... 

Cu 

—0.002 

Cu  —0.507 

Pb.CU 

82770 

75970 

As      ....  -0.550 

Ni 

—0.022 

As   —0.702 

Cu.Cl, 

51630 

63710 

Hg— 0.980      .... 

Ag 

—0.082 

Ag  —0.759 

Hg.CU 

54490 

51190 

Ag— 0.974       .... 

Pt 

—0.112 

Pt    —1.022 

Ag3,Cl2 

58760 

Pt       ....—1.140 

An 

—0.212 

An  —1.138 

H.,CU 

44000 

Au      ....—1.356 

PtPt 

—0.232 

Hg  —1.522 

%(As,Cl3) 

40927 

48840 

%(Au,Cl3) 

15213 

18113 

The  displacement  of  one  metal  from  solution  by  another  can 
be  predicted  f  rorn  the  values  of  their  potentials ;  a  metal  precipi- 
tates from  solution  all  metals  of  lower  potential  than  itself. 
Neumann  has  succeeded  in  precipitating  on  a  sheet  of  platinum 
by  hydrogen  all  metals  whose  potentials  are  below  hydrogen  in 
this  table.  It  might  therefore  be  expected  that  all  metals  above 
hydrogen  would  displace  this  gas,  and  therefore  dissolve  readily 
in  all  acids  whose  salts  of  the  metal  are  soluble,  and  that  the 
metals  below  hydrogen  would  not  be  attacked  by  acids.  But  the 
value  — 0.238,  wrongly  called  the  potential  of  hydrogen,  is  really 
the  discharge  potential  of  hydrogen  on  platinized  platinum ;  the 
change  which  has  been  brought  about  in  the  potential  of  platinum 
by  causing  hydrogen  to  be  deposited  on  it  measures  the  polariza- 
tion of  platinum  by  hydrogen.  Since  the  amount  of  polarization 
by  hydrogen  varies  with  different  metals,  in  order  to  determine 
from  theoretical  considerations  whether  or  not  a  metal  should  dis- 
place hydrogen  from  acids  it  is  necessary  to  compare  the  potential 
of  the  metal  with  the  discharge  potential  of  hydrogen  on  that 
particular  metal. 

"Z.   f.  phys.  Chem.    (1894),   14,  203. 

"  Thermo-Chernistry,   Thomsen,  tr.  by  K.  A.   Burke   (1908). 
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If  the  potential  of  a  metal  exceeds  the  discharge  potential  of 
hydrogen  on  it,  this  metal  should  dissolve  readily  in  acids  whose 
salts  of  the  metal  are  soluble,  but  if  its  potential  is  less  than  the 
discharge  potential  of  hydrogen,  acids  should  dissolve  ii  only  at 
the  rate  at  v^^hich  the  displaced  hydrogen  dissolves  in  the  acid,  is 
removed  by  oxidizing  agents,  or  is  otherwise  disposed  of.  To  test 
the  correctness  of  these  generalizations  several  metals  of  the  latter 
class,  viz.,  lead,  tin,  copper,  silver,  gold  and  platinum,  were  treated 
with  acids,  with  and  without  the  addition  of  oxidizing  agents. 

Table  VIII. 

Temperature  of  bath 37.5°  C. 

Time 45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

37.  Pb   N.  CH3COOH  190  c.c 0.2143 

38.  Pb  N.  CH3COOH  190  c.c,  0.25  g.  Na^ASO 0.0490 

39.  Pb  N.  CH3COOH  190  c.c.  2  g.  HgCU 0.8529 

40.  Pb  N.  CH.COOH  190  cc.  2  g.  HgCU,  5  c.c  H^O, 6.5596 

41.  Pb  N.  CH.COOH  190cc 0.2019 

42.  Pb  N .  CH.COOH  190  c.c,  5  c.c  HjO^ 6.4026 

43.  PbHg  ....N.  CH.COOH  190  cc 0.1515' 

44.  PbHg  ....N.  CH.COOH  190  cc,  5  cc  30%  H^O^ 5.5071 

Table  VIII  shows  a  slow  rate  of  solution  of  lead  in  acetic  acid, 
which  is  a  measure  of  the  rate  of  removal  of  hydrogen  from  the 
surface  of  the  metal — probably  by  the  air  dissolved  in  the  acid. 
The  effect  of  amalgamation  in  diminishing  corrosion  is  trifling, 
as  would  be  expected,  since  it  only  raises  slightly  the  discharge 
potential  of  hydrogen,  which  already  exceeded  the  potential  of 
lead.  The  oxidizing  agent  had  its  usual  effect  and  enormously 
increased  corrosion,  this  time  in  every  case  in  which  it  was  used, 
since  pure  lead,  unlike  zinc  and  iron,  can  corrode  only  so  fast  as 
the  hydrogen  is  removed  from  it. 

Similar  experiments  with  copper  and  tin  (Table  IX)  show  these 
metals  to  be  even  less  attacked  by  sulphuric  acid  than  was  lead 
by  acetic  in  the  last  experiments;  allowing  for  the  shorter  time, 
attack  by  hydrochloric  acid  is  about  the  same  as  the  dissolving  of 
lead  by  acetic  acid.  These  metals  are  readily  dissolved  in  the 
presence  of  oxidizing  agents,  except  for  54,  in  which  a  fine,  white 
precipitate  indicated  the  formation  of  an  insoluble  compound.  It 
has  been  shown  that  when  iron  or  copper  is  hammered  or  cold- 
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worked  the  potential  is  raised,  and  the  tendency  to  corrode  is 
increased.  A  comparison  of  47  with  49  indicates  that  this  is  prob- 
ably true  of  tin  also. 

m 

Table  IX. 

Temperature  of  bath 38°  C. 

Time 19  or  22  hours 

Area  of  specimens .64  or.  60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

45.  Cu N.  HCl  180  c.c 0.1171 

46.  Cu N.  HCl  180  c.c,  10  g.  KMnO* 4.6084 

47.  Snt  cast N.  HCl  180  c.c 0.0947 

48.  Snt  cast N.  HCl  180  c.c,  10  g.  KMnO* 3.6160 

49.  Snt  hammered  N.  HCl  180  c.c 0.1155 

50.  Cu*    N.  H.SO4  180  c.c 0.0226 

51.  Cu*    N.  H2SO4  180  c.c,  10  g.  KoCr^Oi 2.8637 

52.  Cu*    N.  H,S04  180  c.c,  10  g.  NaClO,, 4.3084 

53.  Sn*t N.  H=SOi  180  cc 0.0373 

54.  Sn*t N.  H=S04  180  cc,  10  g.  K2Cr.0T 0.0171 

55.  Sn*t N.  H.SO^  180 cc,  10  g.  NaClOs 8.3576 

*  Time   19  hours. 

t  Area  of  specimens  64  sq.  cm. 

The  noble  metals,  silver,  gold  and  platinum,  are  similar  to 
copper  and  tin  in  that  their  potentials  are  less  than  the  discharge 
potential  of  hydrogen  upon  them.  These  metals  should  therefore 
be  but  slightly  attacked  by  acids  unless  an  oxidizing  agent  is 
present.    Tests  with  these  metals  are  given  in  Tables  X  and  XI. 

Table  X. 

Temperature  of  bath 37.5°  C 

Time 45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

56.  Ag N.  H2SO1  190 c.c 0.0015 

57.  Ag N.  H.SO4  190  c.c,  5  c.c.  30%  H^O^ 1.6953 

58.  Ag N.  CH,COOH  190  cc 0.0016 

59.  Ag N.  CHaCOOH  190  cc,  5  cc  30%  H^O. 1.7997 

Although  some  silver  dissolved  in  the  pure  acids,  the  rate  of 
corrosion  is  less  than  for  any  metal  previously  tested ;  the  stimu- 
lating effect  of  the  hydrogen  peroxide  was  also  less  than  here- 
tofore. These  facts  indicate  that  much  less  hydrogen  is  displaced 
by  silver  before  equilibrium  is  reached  than  in  case  of  the  metals 
previously  tested. 
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Table  XL 

Temperature  of  bath 37.5°  C. 

Time 45  hours 

Area  of  specimens 4,  12  or  24  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

60.  Au N.  H=SO.  190  c.c 0.0017 

61.  Au N.  H.SO.  190 c.c,  5  c.c.  H=0= 0.0018 

62.  Au N.  H.SO.  190 c.c,  5  g.  NaClO. 0.0004 

63.  Au N.  H2SO.  190cc,  5  g.  KMnO^. 0.0000? 

64.  Au* N.  HCl  190  c.c 0.0008 

65.  Au* N.  HCl  190  c.c,  5  c.c  H.0= 0.0070 

66.  Au* N.  CH3COOH  190  c.c 0.0005 

67.  Au* N.  CH.COOH  190  cc,  5  cc  H^O^ 0.0005 

68.  Ptf    N.  HCl  190  cc 0.0000 

69.  Ptf    N.  HCl  190  c.c.  5  c.c.  H.0= 0.0006 

70.  Ptt    N.  HCl  190  cc.  5  g.  KXO. 0.0002 

*  Area  of  specimens  12  sq.  cm. 
t  Area  of  specimens  4  sq.  cm. 

The  gold  in  63  had  a  purphsh  coating,  which  because  of  the 
thinness  of  the  metal,  could  not  be  removed  before  weighing, 
hence  it  is  probable  that  there  was  a  trace  of  gold  dissolved  in 
this  case.  With  the  exception  of  65,  which  is  a  special  case  and 
will  be  referred  to  later,  there  was  no  appreciable  solution  of  gold 
or  platinum,  and  oxidizing  agents  were  without  their  usual  stimu- 
lating effect  on  corrosion.  Thinking  that  the  velocity  of  r.eaction 
might  be  sufficiently  stimulated  by  more  concentrated  acid  and 
increase  of  temperature  to  make  corrosion  visible,  the  experiments 
of  Table  XII  were  conducted  with  gold  leaf  in  an  evaporating  dish 
which  was  heated  over  a  Bunsen  burner. 

The  addition  of  a  chloride  or  a  bromide  to  a  mixture  of  oxidiz- 
ing agent  and  acid  caused  prompt  and  complete  solution  of  the 
gold.  Aside  from  73,  in  which  there  is  a  possibility  of  the  libera- 
tion of  chlorine  by  decomposition  of  the  acid,  there  was  only  one 
case,  72,  in  which  the  gold  dissolved  without  the  presence  of  a 
chloride,  bromide  or  iodide,  and  in  this  the  action  was  so  slow 
that  many  hours  were  required  to  dissolve  the  bit  of  gold  leaf. 
No  tests  were  made  for  traces  of  dissolved  gold,  since  the  purpose 
of  these  experiments  was  to  determine  if  in  the  presence  of 
oxidizing  agents  other  acids  would  dissolve  gold  at  a  rate  com- 
parable to  that  at  which  it  is  attacked  by  aqua  regia,  and  at  which 
all  other  metals  used  in  these  tests  (except  platinum)  have  been 
corroded  when  oxidizing  agents  were  present; 
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Table  XII. 

The  Solution  of  Gold  in  Acid  Plus  Oxidizing  Agents. 


Acid 

Temp. 

Time 

15  m. 

Oxidizer 

Result 

71.  H.SO4  30% 

90 

CrOs 

Gold  leaf  remains 

H2SO4  30% 

70 

10  m. 

KMnO* 

Gold  leaf  remains 

H2SO4  30% 

90 

HNO3 

Gold  leaf  remains 

H.SO.  30% 

NaNOj 

Gold  leaf  remains 

H2SO4  30% 

KBr 

Gold  dissolved 

72.  H.SO4  80% 

150 

20  m. 

CrOs 

Gold  remains 

H,S04  80% 

Cold 

24  h. 

CrOs 

Gold  dissolved 

7Z.  HCIO, 

80 

HNO3 

Gold  remains 

HCIO4 

95 

NaNO, 

Gold  remains 

HCIO* 

95 

Cr03 

Gold  dissolved 

74.  HBF4 

Hot 

HNO3 

Gold  remains 

HBF. 

Hot 

KBr 

Gold  dissolved 

75.  H3PO. 

98 

5  m. 

CrOs 

Gold  remains 

H3PO4 

98 

XaNOs 

Gold  remains 

H3PO. 

HNO3 

Gold  remains 

H=P04 

KI 

Gold  slowly  dissolved 

H.PO4 

KBr 

Gold  quickly  dissolved 

76.  H=P04 

90 

KMnO* 

Gold  remains 

77.  r  H3PO4          1 
\  H.SO4  50%  1 

115 

CrOs 

Gold  remains 

H3PO4          \ 
H.SO4  50%  ( 

142 

CrOs 

Gold  remains 

78.  H3PO4 

130 

30  m. 

CrOa 

Gold  remains 

H3PO4 

Boiling 

80  m. 

CrOs 

Gold  remains 

H3PO4 

NaCl 

Gold  dissolved 

79.  HCl  15% 

60 

Cr03 

Gold  quickly  dissolved 

The  dissolving  of  gold  by  other  reagents  than  aqua  regia  has 
been. recorded  by  many  experimenters.  Comey^®  states  that  gold 
is  dissolved  by  concentrated  sulphuric  acid  to  which  either  potas- 
sium permanganate  or  iodic  acid  has  been  added ;  and  that  selenic 
acid  is  the  only  single  acid  that  dissolves  the  metal.  Lenher^^ 
found  that  gold  dissolves  in  sufficient  amount  to  respond  to  chem- 
ical tests  in  either  hot  concentrated  sulphuric  or  phosphoric  acid 
containing  potassium  permanganate,  lead  peroxide,  manganese 
dioxide,  or  nitric  acid,  and  that  in  some  of  these  solutions  gold 
dissolves  even  at  zero  degrees  centigrade. 

The  great  difference  in  the  rate  of  solution  of  gold  by  aqua 
regia  or  any  combination  of  a  halogen  acid  with  an  oxidizing 
agent,  in  comparison  with  its  rate  of  dissolving  in  other  acids  and 

"Dictionary  of  Solubilities,  p.   172. 
"J.  Amer.  Chem.   S.    (1904).  26,   I.  550. 
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an  oxidizing  agent,  seems  to  indicate  some  fundamental  difference 
in  the  nature  of  the  dissolving  of  gold  by  aqua  regia  and  by  the 
other  acids.     The  effect  of  oxidizing  agents  in  stimulating  the 
dissolving  of  lead,  tin,  copper  and  silver  in  acids  indicates  that 
these  metals  displace  an  appreciable  amount  of  hydrogen,  the  rate 
of  removal  of  which  by  the  oxidizing  agent  fixes  the  speed  of 
dissolving  of  the  metal.    Granting  the  solution  of  gold  by  sulphuric 
or  phosphoric  acid  and  oxidizing  agents,  the  very  slow  rate  of 
action  indicated  by  these  experiments  in  comparison  with  the 
action  of  similar  solutions  on  the  metals  just  mentioned  means  a 
correspondingly  slow  oxidation  of  the  displaced  hydrogen.    Since 
the  oxidizing  agents  were  as  powerful,  and  in  several  cases  the 
same  as  used  with  the  other  metals,  the  slow  rate  of  oxidation  of 
hydrogen  must  be  due  either  to  the  presence  at  any  instant  of  only 
an  extremely  small  quantity  of  hydrogen  on  the  gold,  or  to  the 
replacement  of  the  oxidized  hydrogen  at  this  very   slow  rate. 
There  is  no  reason  for  thinking  that  gold  can  displace  hydrogen 
from  hydrochloric  acid  more  rapidly  or  to  a  much  greater  extent 
than  from  other  strong  acids ;  therefore  the  rapid  solution  of  gold 
by  aqua  regia  shows  that  this  is  not  a  case  of  the  displacement 
of  hydrogen  by  the  metal,  but,  like  the  dissolving  of  iron  by  ferric 
chloride,  a  reaction  in  which  hydrogen  is  not  evolved.    The  start- 
ing point  of  the  reaction  must  be  the  oxidation  of  the  hydrogen 
of  the  acid ;  after  which  solution  of  the  gold  may  be  conceived  to 
occur  either  chemically,  by  combination  with  nascent  chlorine,  or 
ionically,  by  electrostatic  attraction  between  chlorine  and  gold  ions. 
Gold  and  platinum,  being  readily  dissolved  only  by  aqua  regia 
or  a  solution  of  a  halogen  acid  and  an  oxidizing  agent,  are  thus 
distinguished  from  lead,  copper,  tin,  and  silver,  with  which  they 
were  at  first  classed  by  the  authors. 

A  study  of  Table  VII  shows  an  interesting  relation  between 
heats  of  formation  and  the  results  of  these  experiments.  In 
aqueous  solution  the  heat  of  formation  of  hydrochloric  acid  ex- 
ceeds that  of  the  chlorides  of  copper,  lead,  mercury,  gold,  and  of 
course  of  silver  and  platinum,  and  hence  none  of  these  metals 
should  be  capable  of  displacing  hydrogen  from  water  solution  of 
hydrochloric  acid;  but  in  the  anhydrous  condition  the  heat  of 
formation  of  hydrochloric  acid  is  less  than  that  of  all  of  the  above 
chlorides,  except  those  of  arsenic,  gold  and  platinum,  so  that,  when 
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water  is  left  out  of  consideration,  all  of  these  metals  except  the 
three  last  mentioned  should  displace  hydrogen  from  hydrochloric 
acid.  The  facts  are  in  accordance  with  this.  When  water  is 
allowed  to  play  its  part,  copper,  lead,  mercury,  silver,  gold  and 
platinum  are  not  readily  dissolved  by  non-oxidizing  acid  solutions ; 
but  when  the  hydrogen  of  water  is  taken  care  of  by  an  oxidizing 
agent  all  of  the  above,  except  gold  and  platinum,  dissolve  in  acids, 
provided  their  salts  are  not  insoluble.  A  classification  of  the 
metals  according  to  whether  or  not  their  potentials  exceed  the 
discharge  potential  of  hydrogen  on  them  leads  to  the  same  group- 
ing as  does  a  consideration  of  the  heats  of  formation  in  aqueous 
solution ;  and  experiments  with  acids  containing  oxidizing  agents 
draw  the  dividing  line  between  the  two  classes  at  the  same  point 
as  does  a  consideration  of  the  heats  of  formation  of  the  anhydrous 
chlorides,  viz.,  just  below  silver. 

The  third  set  of  data  in  Table  VII,  obtained  by  subtracting  the 
discharge  potential  of  hydrogen  from  the  potential  of  the  metal, 
furnishes  a  rough  index  of  the  rate  at  which  pure  metals  may  be 
expected  to  dissolve  in  acids ;  when  this  index  is  negative  the  rate 
of  solution  is  limited  to  the  speed  with  which  the  displaced 
hydrogen  is  removed  from  the  surface  of  the  metal,  and  for  rapid 
solution  an  oxidizing  agent  is  necessary. 

The  necessity  for  supplying  oxygen  in  the  treatment  of  gold 
ores  by  cyanide  has  already  been  referred  to.  S.  B.  Christy^' 
found  the  potential  of  gold  to  have  the  following  values :  in 
N.KCN  -f  0.37,  in  N/10  KCN  -f  0.23,  in  N/100  KCN  -f  0.09, 
and  in  N/1000  KCN  —0.38  volt.  The  need  for  oxygen  in  dis- 
solving gold  signifies  that  the  potential  of  gold  in  the  solutions 
used  in  cyaniding  gold  ores  is  less  than  the  unknown  discharge 
potential  of  hydrogen  on  gold.  To  verify  this,  measurements  were 
made  in  tenth  normal  potassium  cyanide.  No  gas  could  be  ob- 
served on  immersing  gold  in  this  solution,  but  at  a  cathode  poten- 
tial of  -1-0.42  volt  (N. calomel  electrode  =  — 0.56)  bubbles  of 
hydrogen  clung  to  the  gold,  and  with  the  aid  of  a  lens  the  escape 
of  a  tiny  bubble  was  occasionally  observed.  On  raising  the  im- 
pressed E.  M.  F.  until  the  current  density  of  0.05  ampere  per 
square  decimeter  was  obtained,  the  potential  of  the  cathode  had 
increased  to  -|-0.57  volt,  and  the  escape  of  gas  was  readily  seen. 

"  Amer.  Cheni.   T.    (1902),   27,  354. 


CORROSION   OF   METALS  BY  ACIDS.  273 

The  potential  of  gold  in  potassium  cyanide  is  less  than  the  dis- 
charge potential  of  hydrogen  upon  it;  hence  the  necessity  for 
oxygen  in  order  to  dissolve  this  metal  in  cyanide  solutions. 

The  nature  of  protection  by  amalgamation  has  already  been 
discussed  in  the  light  of  these  experiments.  In  a  paper  on  "The 
Function  of  Oxygen  in  the  Corrosion  of  Metals"^°  the  prevention 
of  the  continued  corrosion  of  iron  by  the  film  of  hydrogen  which 
is  supposed  to  deposit  on  it  is  attributed  to  the  high  electrical 
resistance  of  hydrogen  gas,  and  in  discussing  the  accelerative  effect 
of  certain  voltaic  couples  and  of  impurities  on  the  rusting  of  iron, 
the  same  author  attributes  this  to  a  catalytic  oxidation  of  hydrogen 
by  the  cathode  material  or  impurity.  Speaking  of  the  slight  cor- 
rosion of  zinc  relative  to  that  of  iron  in  salt  v^^ater,  he  says,-* 
"The  explanation  consistent  with  the  electrolytic  theory  is  that  the 
zinc  does  not  dissolve  and  corrode,  not  because  there  was  formed 
an  adherent  and  protective  layer  of  zinc  hydroxide,  but  because 
the  zinc  does  not  catalyse  the  reaction  Hg  +  O  =  H„0  with 
sufficient  rapidity  to  continually  remove  the  hydrogen  from  the 
surface  of  the  zinc.  Although  the  catalysing  action  of  the  iron 
surface  is  not  so  rapid  as  is  the  platinum  surface,  it  has  sufficient 
rapidity  to  depolarise  the  iron  strip  and  to  render  continuous  the 
solution,  and  therefore  the  corrosion  of  the  iron.  *  *  *  The 
author  has  already  shown  that  'mill  scale'  or  magnetic  oxide  of 
iron  is  strongly  electro-negative  to  iron.  Since  mill  scale  is  in- 
soluble in  water  and  cannot  of  itself  enter  into  the  reaction,  its 
only  function  must  be  analogous  to  that  of  platinum  or  other 
insoluble  conductor  of  this  kind,  viz.,  to  furnish  a  surface  on 
which  the  hydrogen  liberated  by  the  dissolving  of  iron  can  separate 
and  be  catalytically  oxidized  to  water  again." 

It  is  the  opinion  of  the  authors  that  the  observed  protection 
of  iron  by  hydrogen  is  due,  not  to  the  resistance  of  the  gas,  but 
to  the  rise  in  potential  produced  by  its  presence  on  the  iron.  The 
protection  of  iron  and  zinc  against  corrosion,  by  contact  with 
arsenic  and  zinc  respectively,  has  been  shown  to  be  due  to  the 
high  discharge  potential  of  hydrogen  on  these  metals ;  and  the 
excessive  corrosion  of  iron  and  zinc  induced  by  contact  with  mill 
scale,  silver,  platinum,  etc.,  is  believed  by  the  writers  to  be  due 

"  W.   H.   Walker,   Trans.   Ain.   Electrochemical    Society    (190S),    14,    178. 
'"Jour.   Iron  &   Steel   Inst.    (1909),  I,   75. 
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to  a  low  value  for  the  discharge  potential  of  hydrogen  on  these 
materials,  and  not  to  any  particular  power  of  catalysing  the  oxi- 
dation of  hydrogen.  The  real  office  of  platinum  as  a  stimulant  to 
the  corrosion  of  another  metal  is  to  furnish  a  cathode  that  is  polar- 
ized to  only  a  slight  degree  by  the  collecting  of  hydrogen  on  it, 
and  which,  together  with  the  metal  that  is  corroding,  constitutes 
a  cell  of  high  working  E.  M.  F. 

The  superiority  of  nitric  acid  over  other  mineral  acids  as  the 
general  solvent  for  metals  has  long  been  recognized.  These  ex- 
periments show  that  the  special  value  of  nitric  acid,  aside  from 
nitrates  being  more  generally  soluble  than  other  salts,  lies  in  its 
being  at  the  same  time  an  acid  and  an  oxidizing  agent. 

The  foregoing  experiments  indicate  that  the  inherent  nature  of 
the  reaction  between  acids  and  metals  is  always  the  same.  On 
immersion  in  an  acid,  metal  begins  to  go  into  solution  and  hy- 
drogen is  displaced.  But  the  law  of  mass  action  applies  here.  As 
hydrogen  accumulates,  the  driving  force  required  to  deposit  more 
of  this  gas  increases,  and  if  the  potential,  solution  pressure,  or 
whatever  other  term  may  be  chosen  to  designate  the  relative  dis- 
placing power  of  metals  in  electrolytes,  be  very  low,  like  that  of 
copper  or  silver,  equilibrium  is  quickly  reached  and  the  action 
comes  to  a  standstill.  If  the  potential  of  the  metal  is  high,  as  for 
zinc  and  iron,  the  reaction  goes  on,  the  density  of  the  hydrogen 
film  increases  to  such  a  point  that  gas  begins  to  escape,  and  as 
equilibrium  has  not  yet  been  reached,  the  reaction  continues,  as 
is  usual  in  chemical  changes  when  one  of  the  products  escapes 
from  the  field  of  action.  The  effect  of  oxidizing  agents  is  to 
remove  one  product,  hydrogen,  and  so  prevent  attainment  of  the 
equilibrium  which  is  otherwise  quickly  reached  with  the  metals  of 
low  potential,  copper,  mercury,  silver,  etc.  If  the  oxidizing  agent 
is  a  vigorous  one  it  may  remove  hydrogen  more  rapidly  than  it 
normally  escapes  from  the  more  positive  metals,  zinc  and  iron, 
and  the  rate  of  solution  of  these  metals  is  accelerated.  If  hydrogen 
is  removed  from  the  metal  very  slowly,  attack  by  the  acid  must 
also  be  slow,  like  the  dissolving  of  silver  in  sulphuric  and  acetic 
acids.  If  some  means  be  provided  for  removing  hydrogen  from 
the  surface  of  the  metal  more  rapidly  than  usual,  the  speed  of 
dissolving  is  thereby  increased.    In  every  case  the  rate  of  solution 
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of  metal  by  an  acid  is  governed  by  the  rapidity  with  which  hy- 
drogen is  removed  from  the  field  of  chemical  action. 

To  supplement  this  study  of  the  corrosion  of  metals  by  acids 
a  few  experiments  were  tried  with  alkalies.  Because  most  of  the 
metallic  hydroxides  are  insoluble,  only  a  few  metals  are  available, 
from  which  zinc,  tin  and  lead  were  chosen  as  representative. 

Since  hydrogen  is  the  material  displaced  by  the  metal  which 
dissolves,  it  was  expected  that  the  effect  of  amalgamation  and  of 
oxidizing  agents  on  the  rate  of  corrosion  would  be  the  same  as  in 
acids,  except  as  modified  by  the  changed  potentials  of  the  metals 
in  this  new  electrolyte. 

Table  XIII. 

Temperature  of  bath 37.5^  C. 

Time 45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

80.  Sn    N.  NaOH  190  c.c 0.0302 

81.  Sn   N .  NaOH  190  c.c,  0.25  g.  Na.AsO^ 0.0292 

82.  Sn    N.  NaOH  190  c.c,  10  g.  KMnO, 0.6771 

83.  Sn   N.  NaOH  190  cc,  10  g.  KXO; 0.0300 

84.  Pb   N.  NaOH  190  cc 0.1101 

85.  Pb  N.  NaOH  190  c.c.  0.25  g.  Na.\sO. 0.1026 

86.  PbHg  . . .  .N,  NaOH  190  cc 0.0850 

87.  Pb  N.  NaOH  190  c.c,  5  g.  KMnO 0.0978 

88.  Pb   N.  NaOH  190  cc,  5  g.  KNO< 0.0938 

89.  Pb   N.  NaOH  190  cc,  5  g.  NaClOs 0.0942 

90.  Zn   N.  NaOH  190  c.c 0.0363 

91.  Zn   N.  NaOH  190  c.c,  0.25  g.  NaAsO. 0.1016 

92.  ZnHg  . . .  .N.  NaOH  190  cc 0.0326 

93.  Zn   N.  NaOH  190  c.c,  5  g.  KMnO. 0.3318 

94.  Zn   N.  NaOH  190  cc,  5  g.  KNO. 0.7052 

95.  Zn   N.  NaOH  190  c.c,  5  g.  NaClO. 0.0856 

The  first  experiments,  Table  XIII,  gave  some  unexpected  results. 
The  accelerative  effect  of  oxidizing  agents  was  much  less  than  in 
acids,  and  varied  greatly ;  not  only  did  corrosion  vary  with  differ- 
ent oxidizing  agents,  but  also  for  the  same  agent  with  different 
metals.  Potassium  permanganate  caused  the  greatest  corrosion 
of  tin,  but  with  zinc  this  reagent  proved  less  effective  than  potas- 
sium nitrate,  which  did  not  corrode  tin  at  all.  None  of  the  oxi- 
dizing agents  increased  the  corrosion  of  lead.  Amalgamation 
decreased  the  corrosion  of  lead  and  zinc  very  slightly. 

Arsenic  stimulates  the  corrosion  of  zinc  (90,  91)  because  the 
discharge  potential  of  hydrogen  on  arsenic  (see  Table  VII)   is 
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much  below  that  on  zinc ;  it  is  a  case  of  substituting  a  cathode 
which  polarizes  to  a  much  less  degree  by  hydrogen.  Arsenic  fails 
to  stimulate  the  corrosion  of  lead  and  tin  similarly  (80,  81,  84,  85), 
because  the  potential  of  these  metals  in  sodium  hydrate  is  less 
than  the  discharge  potential  of  hydrogen  on  arsenic;  the  voltaic 
cell  formed  by  either  of  these  metals  with  arsenic  is  completely 
polarized  by  hydrogen,  and  its  E.  M.  F.  becomes  zero. 

Table  XIV. 

Temperature  of  bath 46°  C. 

Time   45  hours 

Area  of  specimens 60  sq.  cm. 

Specimen  Reagents  u^ed  Loss  in  Grams 

96.  Sn  180  c.c.  NaOH  (200  g/L),  5  g.  picric  acid 3.7324 

97.  SnHg 180 c.c.  NaOH  (200  g/L) 0.0055 

98.  SnHg 180  c.c.  NaOH  (200  g/L).  5  g.  picric  acid 3.1014 

99.  Zn   180  c.c.  NaOH  (200  g/L) ." 0.0168 

100.  ZnHg 180  c.c.  NaOH  (200  g/L) 0.0130 

101.  Zn  180  c.c.  NaOH  (200  g/L),  5  g.  picric  acid 5.875.0 

102.  ZnHg 180  c.c.  NaOH  (200  g/L),  5  g.  picric  acid 4.3198 

103.  Pb 180  c.c.  NaOH  (200  g/L) 0.0770 

104.  Pb 180  c.c.  NaOH  (200  g/L),  5  g.  picric  acid 1.3030 

105.  PbHg 180  c.c.  NaOH  (200  g/L) 0.0185 

106.  PbHg 180  c.c.  NaOH  (200  g/L),  5  g.  picric  acid 1.4685 

In  Table  XIV  the  strength  of  the  caustic  solution  was  increased, 
the  temperature  raised,  and  picric  acid  was  used  as  the  oxidizing 
agent.  The  results  are  comparable  to  corrosion  by  acids.  Amal- 
gamation diminished  corrosion  slightly,  and  the  oxidizing  agent 
greatly  stimulated  corrosion  of  both  amalgamated  and  pure  metals. 
As  in  Table  XIII,  the  stimulation  of  corrosion  by  the  oxidizing 
agent  is  much  less  for  lead  than  for  zinc  and  tin. 

Table  XV. 

Potentials  of  zinc,  lead,  and  tin  in  normal  NaOH  and  discharge  potential  of 
hydrogen  on  these  metals. 

Poten.  Disch.  P.  P.  at  0.05  amp. /dm." 

Zn  +0.83?  <     +0.83  +0.96 

Sn   +0.54     >     +0.65  +0.74 

Pb  +0.21     >     +0.32  +0.40 

Since  gas  was  evolved  from  both  commercial  and  C.  P.  zinc  on 
immersing  it  in  normal  sodium  hydrate,  it  is  evident  that  the 
potential  of  this  metal  exceeds  the  discharge  potential  of  hydrogen. 
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The  values  given  for  the  discharge  potential  on  tin  and  lead  are 
probably  slightly  too  low,  for  although  bubbles  of  gas  could  be 
seen  clinging  to  the  cathodes,  none  was  observed  to  escape.  In 
every  case  an  increase  of  current  density  caused  a  rise  in  potential 
of  the  cathode,  and  the  limit  was  not  reached  at  0.05  amp./sq.  dm. 

What  should  be  the  effect  of  a  vacuum  on  the  rate  of  solution 
of  amalgamated  zinc  by  acids? 

Carhart,-^  to  show  that  the  protection  of  zinc  by  amalgamation 
is  due  to  the  adhesion  of  a  film  of  hydrogen,  says  "When  amalga- 
mated zinc  is  plunged  in  water,  acidified  with  one-twentieth  of  its 
volume  of  sulphuric  acid,  it  is  not  attacked  at  ordinary  atmos- 
pheric pressure.  But  if  a  vacuum  is  produced  above  the  liquid, 
bubbles  of  hydrogen  are  again  freely  evolved  from  the  zinc  sur- 
face. Upon  readmission  of  the  air,  bubbles  again  adhere  to  the 
plate,  and  the  chemical  action  is  arrested." 

If  a  vacuum  stimulates  corrosion  of  amalgamated  zinc,  it  should 
also  accelerate  the  dissolving  of  other  metals  in  acids  which  cor- 
rode them  but  slowly  at  atmospheric  pressure,  because  of  the 
polarizing  effect  of  hydrogen.  To  test  this  the  experiments  of 
Table  XVI  were  tried,  one  set  at  atmospheric  pressure,  the  other  in 
such  a  vacuum  as  could  be  obtained  by  the  laboratory  filter  pump. 

Table  XVI. 

Temperature 21  to  22°  C. 

Time 45  hours 

Area 60  sq.  cm. 

Specimen  Reagents  used  Loss  in  Grams 

(In  Vacuum — 2.4  to  3.5  cm.  of  mercury) 

107.  Fe   N.  H2SO4  190  c.c 0.7332 

108.  Fe    N.  H2SO.  190  c.c,  0.25  g.  NajAsO* 0.0083 

109.  Pb   N.  CH.COOH  190  c.c 0.0374 

110.  Cu  N.  H=S04  190 c.c 0.0044 

111.  Zn   N.  NaOH    190  c.c 0.0101 

(At  Atmospheric  Pressure) 

112.  Fe   N.  H:S04  190  c.c 1.6266 

113.  Fe   N.  H,S04  190  c.c.  0.25  g.  NaaAsO* 0.0287 

114.  Pb  N.  CH,COOH  190  c.c 0.0841 

115.  Cu  N.  H2SO4  190  c.c 0.0208 

116.  Zn   N.  NaOH    190  c.c 0.0772 

At  the  start,  the  above  test  showed  a  much  greater  evolution 
of  gas  from  the  samples  in  the  vacuum  than  from  those  under 

"Primary   Batteries,   p.   34    (1891). 
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atmospheric  pressure.  Apparently  Carhart's  statement  was  true, 
and  corrosion  would  be  stimulated  by  the  vacuum.  Towards  the 
end  of  the  test,  however,  it  was  noticed  that  action  was  more  rapid 
on  several  of  the  samples  at  ordinary  pressure,  but  it  was  not 
then  suspected  that  reducing  the  pressure  had  diminished,  rather 
than  increased,  corrosion ;  it  was  only  when  the  specimens  were 
weighed  that  the  truth  was  learned,  viz.,  that  in  every  case  reduc- 
tion of  pressure  had  diminished  corrosion. 

In  order  to  ascertain  that  a  possible  difference  in  temperature 
between  the  two  sets  of  specimens  was  not  the  cause  of  the  differ- 
ent rates  of  corrosion,  temperature  measurements  were  made  of 
solutions  under  similar  conditions,  except  that  no  metals  were 
present.  Numerous  bubbles  of  gas  collected  on  the  interior  sur- 
faces of  the  tumblers  in  the  vacuum,  which  could  only  be  air. 
The  average  of  many  readings  showed  a  difference  of  less  than 
four  degrees  in  temperature,  too  slight  to  account  for  the  lessened 
corrosion.  The  reason  for  the  lessened  corrosion  in  the  vacuum 
is  that  the  reduction  of  pressure  removes  from  the  liquids  the 
dissolved  air,  which  at  atmospheric  pressure  acts  as  a  depolarizer 
for  hydrogen.  Proof  of  the  depolarizing  action  of  the  air  present 
in  ordinary  solutions  of  the  laboratory  is  seen  by  comparing  the 
curves  of  cathode  polarization  in  plates  I  and  II  of  a  paper  pre- 
sented before  this  Society  in  1914  by  C.  N.  Hitchcock.--  The 
effect  of  removing  the  dissolved  air  either  by  boiling  or  by  the  use 
of  a  vacuum,  was  to  cause  a  greater  polarization  of  the  cathode 
by  hydrogen. 

The  experiment  given  by  Carhart  has  been  quoted  in  the  same 
language  by  P.  Benjamin,"  and  Tommasi,^*  and  is  attributed  to 
De  la  Rive  in  1843.  The  result  of  repeating  it  points  to  the 
desirability  of  testing  with  modern  apparatus  many  of  the  alleged 
"facts"  of  our  natural  sciences  that  have  been  passed  down  to  us 
through  a  long  period  of  years. 

This  study  of  the  corrosion  of  representative  metals  and  of  the 
electrochemical  principles  involved,  has  led  to  certain  conclusions, 
some  general,  others  specific. 

"  Trans.  Am.   Electrochemical   Soc,   IS,  418  and  420. 
«  The  Voltaic  Cell,  p.  347   (1893). 
"Traite  des  Piles   Electrique,   p.  45    (1889). 
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1.  The  hypothesis  of  one  of  the  authors,  presented  to  this 
Society  in  a  previous  paper/^  that  the  protective  effect  of  arsenic 
on  the  corrosion  of  iron  by  sulphuric  acid  is  due  to  polarization 
by  hydrogen,  is  confirmed  by  the  following  facts : 

(a)  The  corrosion  by  acids  of  iron  protected  by  arsenic  was 
invariably  greatly  stimulated  by  oxidizing  agents. 

(b)  Arsenic  does  not  protect  iron  from  attack  by  corrosive 
agents  which  evolve  no  hydrogen  by  their  action. 

2.  Amalgamation  protects  zinc  from  corrosion  by  acids  because 
the  discharge  potential  of  hydrogen  on  mercury  exceeds  the 
potential  of  zinc.  Protection  by  arsenic  and  by  amalgamation  are 
alike  in  their  nature. 

3.  Tin  and  lead  are  only  very  slowly  dissolved  by  non-oxidizing 
acids,  although  their  potentials  are  such  as  would  cause  their  ready 
solution  in  acids,  if  it  were  not  for  the  unusually  high  discharge 
potential  of  hydrogen  on  them.  Removal  of  hydrogen  by  an 
oxidizing  agent  causes  these  metals  to  dissolve  readily  in  acids 
that  otherwise  corrode  them  very  slightly. 

4.  Corrosion  by  acids,  of  metals  below  hydrogen  in  solution 
pressure  or  position  in  the  usual  electrochemical  series,  vis.,  copper 
and  silver,  has  been  caused  by  the  presence  of  oxidizing  agents, 
and  the  reason  for  this  action  has  been  set  forth  in  detail. 

5.  The  oft-quoted  statement  that  the  corrosion  of  amalgamated 
zinc  in  dilute  sulphuric  acid  is  accelerated  by  a  vacuum,  has  been 
shown  to  be  incorrect.  By  removing  the  depolarizing  oxygen  of 
the  air,  reduction  of  pressure  retards  corrosion,  not  only  of 
amalgamated  zinc,  but  of  other  metals  whose  solution  is  hindered 
by  a  polarizing  film  of  hydrogen. 

6.  As  regards  corrosion  by  acids  the  metals  experimented  with, 
and  probably  all  others,  may  be  classified  as  follows : 

(a)  Metals  whose  potentials  exceed  the  discharge  potential  of 
hydrogen  on  them ;  these  dissolve  readily  in  acids,  except  such  as 
form  insoluble  salts. 

(b)  Metals  whose  potentials  are  less  than  the  discharge  poten- 
tial of  hydrogen  on  them ;  these  dissolve  readily  in  acids  only  in 
the  presence  of  oxidizing  agents.     Gold  and  platinum  are  not 

"Trans.  Am.  Electrochemical   Soc.    (1912),  21,   340. 
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readily  attacked  by  the  acids  in  general,  even  when  these  contain 
oxidizing  agents. 

7.  The  superiority  of  nitric  over  other  acids  as  a  general  solvent 
for  the  metals — long  recognized — is  due  to  its  being  at  the  same 
time  an  acid  and  an  oxidizing  agent,  which  enables  it  to  dissolve 
metals  of  the  second  class,  which  non-oxidizing  acids  cannot  do. 

8.  Oxygen  is  necessary  to  success  in  cyaniding  gold  ores  because 
in  dilute  cyanide  solutions  gold  is  a  metal  of  the  second  class. 

9.  Measurements  of  the  discharge  potential  of  hydrogen  in 
solutions  of  potassium  cyanide  and  sodium  hydrate,  and  experi- 
ments on  the  corrosion  of  metals  in  the  latter,  lead  the  authors  to 
think  that  the  above  classification  of  metals,  the  action  of  oxidizing 
agents,  and  protection  by  other  metals,  will  apply  to  the  dissolving 
of  any  metal  in  any  electrolyte  from  which  it  displaces  hydrogen 
when  passing  into  solution. 

10.  The  above  classification  of  metals  according  to  the  relative 
magnitude  of  their  potentials  in  comparison  with  the  discharge 
potential  of  hydrogen  on  them,  applies  not  only  to  the  solution 
of  metals,  but  to  their  electrolytic  deposition.  Plating  baths  for 
depositing  metals  of  the  first  class  cannot  be  strongly  acidified 
without  causing  the  deposition  of  much  hydrogen  in  place  of  an 
equivalent  amount  of  metal ;  but  a  large  proportion  of  acid  may  be 
added  to  solutions  for  the  deposition  of  metals  of  the  second  class 
without  greatly  lowering  the  current  efficiency  through  the  depo- 
sition of  hydrogen. 

Laboratory  of  Applied  Electrochemistry, 
University  of  Wisconsin. 
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F.  N.  Speller^  :  I  wrote  out  these  notes  relating  to  the  prac- 
tical application  of  the  principles  so  well  laid  out  in  Watts'  and 
Whipple's  paper,  for  the  reason  that  the  subject  of  this  discus- 
sion has  already  been  partially  covered  in  two  or  three  rather 
extensive  papers.  It  consists  of  the  research  on  methods  for  con- 
serving the  life  of  galvanized-iron  water  pipe  for  hot  water. 

*  Metallurgical  Engineer,  National  Tube  Co.,  Pittsburgh. 
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The  rapid  destruction  of  hot-water  supply  pipes  under  modern 
conditions  presents  a  problem  involving  the  principles  discussed 
in  this  paper,  the  practical  solution  of  which  promises  to  be  of 
far-reaching  importance. 

Water  for  domestic  use  is  usually  heated  under  60  to  80  pounds 
pressure  to  about  160°  F.,  and  in  large  buildings  is  usually  circu- 
lated in  a  closed  circuit  from  the  heater  through  the  risers  and 
returns.  The  large  amount  of  water  used  in  these  days  of  con- 
venient bathing  facilities  and  the  high  temperatures  carried  has 
undoubtedly  shortened  the  life  of  the  pipe  considerably. 

Several  years  ago  the  writer  started  some  experiments  on  the 
removal  of  the  free  oxygen  from  water  by  contact  with  a  large 
surface  of  iron,  and  in  December,  1915,  a  small  plant,  designed 
on  this  principle,  was  installed  in  this  city,  in  the  Irene  Kauf- 
mann  Settlement.  This  is  still  in  successful  operation.  (The 
method  will  be  seen  by  looking  at  the  section  of  the  storage  tank, 
filter,  and  heater  shown  on  the  following  pages.) 

By  circulation  of  the  heated  water  between  steel  sheets  the 
latter  become  corroded,  the  free  oxygen  is  used  up  primarily  in 
keeping  the  surface  of  these  plates  active ;  the  excess  of  hydrogen 
goes  into  solution. 

The  soluble  gas  collected  from  this  water  showed  the  follow- 
ing composition : 

Raw  Water  Treated  Water 

Oxygen 15.6  percent  *1.59  percent 

Hydrogen    0.3  percent  22.17  percent 

Carbon  Dioxide  0.3  percent  0.12  percent 

IMitrogen  (by  Diff.)    81.8  percent  76.12  percent 

Temperature    160°  F.  162=  F. 

*  The    oxygen    collected    from    the    hot    water    is    low,    due    to    corrosion    of    the    iron 
■storage  tank  and  connections. 

The  amount  of  free  oxygen  in  domestic  water  usually  ranges 
from  5  to  9  cc.  per  liter. 

The  system  at  the  time  this  plant  was  installed  consisted  of 
old  galvanized  iron  pipe,  w^hich  was  leaking  every  week  and  was 
ready  to  be  replaced.  No  leaks  have  occurred  with  the  "passive" 
water,  and  new  pipe  installed  at  the  same  time  for  test  purposes 
shows  practically  no  corrosion. 

Brass  or  copper  pipe  naturally  does  not  fail  so  quickly  under 
19 
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these  conditions ;  however,  it  is  to  be  expected  from  what  we 
know  of  the  electrochemical  principles  involved  that  these  pipes 
may  also  be  protected  in  the  same  way.     In  new  installations  of 


Fig.   1.     System   for   Removing  Dissolved   Oxygen   from   Hot   Water. 

such  a  size  as  to  warrant  the  extra  equipment  required  to  render 
the  water  passive  to  metal,  galvanized  steel  pipe  would  seem  to 
be  the  most  economical  material. 
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The  unbroken  film  of  hydrogen  on  the  inside  of  a  piping  system 
of  this  kind  is  probably  a  more  perfect  protective  coating  than 
any  other  so  far  devised. 

O.  P.  Watts  (Communicated)  :  Further  confirmation  of  the 
writer's  views  on  the  nature  of  the  protection  afforded  by  amal- 
gamation has  just  been  obtained  with  amalgamated  iron.     Since 


Fig.  2.     Cross-Section  of  Fig.   1. 


the  discharge  potential  of  hydrogen  on  mercury  exceeds  the  poten- 
tial of  iron  the  theory  leads  to  the  conclusion  that  amalgamation 
should  protect  iron  from  corrosion  in  acids.  By  the  use  of  sodium 
amalgam  it  has  been  possible  to  amalgamate  iron.  This  was  im- 
mersed in  15  percent  sulphuric  acid,  and  for  two  days  there  was 
no  visible  action,  but  on  the  third  morning  the  iron  had  entirely 
disappeared  and  only  mercury  remained.  The  only  explanation 
that  the  writer  can  offer  for  this  sudden  attack,  where  there  had 
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previously  been  protection,  is  that  the  superiority  of  the  force 
of  cohesion  between  the  particles  of  mercury  over  the  adhesion 
between  mercury  and  iron  finally  resulted  in  the  gathering  of  the 
mercury  into  globules,  thus  leaving  considerable  areas  of  the  iron 
exposed.  Amalgamation  protects  iron  from  rusting  in  water  for 
about  the  same  length  of  time.  It  is  hoped  that  further  experi- 
ments will  lead  to  a  better  understanding  of  this  failure  of  amal- 
gamation to  protect  iron  for  a  longer  time. 
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A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
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5,  1917,  President  Fink  in  the  Chair. 


THE  CORROSION  OF  FENCE  WIRE 

By  Oliver  W.  Storey.* 

[Abstract.] 

The  importance  of  the  problem  and  the  difficulty  of  obtaining 
reliable  data,  are  set  forth.  A  large  amount  of  new  data  obtained 
by  the  writer  are  given,  with  analyses  of  the  wires  and  detailed 
descriptions  of  their  condition.  Many  of  the  statements  of  the 
Government  Farmers'  Bulletin  No.  239  are  quoted  and  their 
accuracy  discussed.  A  lengthy  review  is  given  of  the  history  of 
the  question  of  copper  in  steel  and  iron  protecting  it  from  corro- 
sion, with  the  conclusion  that  the  writer's  conclusions  are  sub- 
stantiated by  numerous  reliable  observations,  viz.,  that  copper  is 
a  strong  protective  against  corrosion  and  that  manganese  is  with- 
out influence  either  way. 


About  fifteen  years  ago  the  U.  S.  Department  of  Agriculture 
received  many  complaints  from  farmers  stating  that  wire  fences 
corroded  rapidly.  As  a  result  of  these  complaints  an  investigation 
was  begun  at  that  time  by  the  U.  S.  Department  of  Agriculture  to 
bring  about,  if  possible,  an  improvement  in  the  corrosion-resisting 
qualities  of  fence  wire.  Notwithstanding  this  investigation,  the 
preliminary  results  of  which  are  embodied  in  Farmers'  Bulletin 
No.  239,^  there  appears  to  have  been  made  but  slightly  better  wire 
since  that  time.  Farmers  continue  to  complain  of  the  short  life 
of  the  present-day  wire  as  compared  to  the  older  wires,  some  of 
which  are  still  in  service.  This  paper  gives  the  results  of  an 
investigation  which  has  determined  the  cause  of  the  longevity  of 
the  older  steel  wires. 

*  Metallurgical   Engineer,    C.    F.    Burgess    Laboratories,    Madison,    Wis. 
'  See  references  collected  at  end  of  paper. 
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A  Study  of  the  analyses  of  a  large  number  of  fence  wires  has 
resulted  in  the  conclusion  that  the  presence  of  a  sufficient  amount 
of  copper  in  steel  wire  determines  whether  that  wire  is  resistant  to 
rapid  corrosion.  The  results  have  without  exception  shown  that 
where  two  steel  wires  have  been  subjected  to  identical  corroding 
conditions  the  wire  with  an  appreciable  percentage  of  copper  has 
shown  the  lesser  corrosion.  In  the  light  of  recent  extensive  in- 
vestigations on  the  corrosion  of  iron  and  steel,  especially  copper 
steels,  these  results,  covering  a  corroding  period  of  from  20  to  30 
or  more  years,  are  of  much  significance  in  that  they  confirm  the 
results  obtained  in  corrosion  tests  covering  a  short  period  of  time. 

The  general  complaint  of  the  users  of  wire  fences,  given  in 
Farmers'  Bulletin  No.  239,  was  that  the  recently  manufactured 
fence  wire  corroded  rapidly,  lasting  but  a  few  years,  while  some 
of  the  old  wire  which  had  been  erected  on  their  farms  thirty  years 
before  was  still  in  service.  As  a  result  of  these  complaints  A.  S. 
Cushman^  made  an  investigation  in  which  he  came  to  the  following 
conclusions : 

"1.  That  modern  Bessemer  and  open-hearth  steel  rusts  much  more  rap- 
idly than  iron  wire. 

"2.  That  manganese,  especially  if  it  is  unevenly  distributed  in  the  steel, 
is  at  least  in  part  the  cause  of  the  trouble." 

Since  that  time  Cushman  has  been  an  advocate  of  low-manga- 
nese pure  irons  wherever  resistance  to  corrosion  is  desired  and 
recently  has  also  contended  that  copper  does  not  increase  their 
resistance  to  corrosion. 

Whether  Cushman  was  justified  in  concluding  that  the  absence 
of  manganese  and  high  purity  caused  high  resistance  to  corrosion 
will  be  more  fully  discussed. 

OBTAINING  OF  RELIABLE  DATA. 

In  making  a  study  of  corroded  fence  wire  it  is  difficult  to  obtain 
rehable  data  on  the  length  of  service  of  wire  and  it  also  is  difficult 
to  obtain  comparative  specimens  which  have  been  subjected  to 
identical  corroding  conditions.  Where  fences  have  been  erected 
for  more  than  a  few  years  it  is  almost  impossible  to  obtain  an 
accurate  history  of  them.  In  the  case  of  barbed  wires,  strands  in 
good  condition  are  usually  salvaged  from  the  old  fence  which  is 
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being  replaced  and  this  adds  to  the  complications.  Therefore,  in 
comparing  different  strands  of  barbed  wire  great  care  must  be 
used  to  determine  the  history  of  each  strand. 

However,  it  is  possible  in  some  cases  to  approximate  the  age  of 
fence  wire,  especially  wire  that  has  been  erected  for  a  long  period. 
Occasionally  wire  fences  are  nailed  to  trees  and  the  depth  to  which 
the  wires  are  imbedded  in  the  growing  tree  gives  a  basis  for  esti- 
mating their  age.  Much  of  the  barbed  wire  erected  20  to  30  or 
more  years  ago  had  barbs  of  peculiar  patterns  that  were  made  only 
during  that  period.    The  age  of  these  wires  may  be  approximated. 

The  rate  of  corrosion  of  iron  and  steel  varies  with  the  location. 
Not  only  does  this  hold  true  with  reference  to  conditions  as  in- 
fluenced by  the  topography  of  the  region  and  the  presence  of 
industrial  corroding  gases,  but  also  to  the  position  of  the  wire  on 
the  fence ;  whether  it  is  the  bottom  or  top  strand,  whether  shaded, 
covered  with  brush,  next  to  a  post  or  tree,  or  in  the  open. 

A  careful  inspection  of  a  wire  fence  shows  that  the  bottom 
strands  generally  are  in  much  better  condition  than  the  top  strands. 
This  is  also  true  of  the  wire  lying  next  to  a  post  or  a  tree  and  also 
where  the  wire  is  covered  or  protected  by  trees  and  shrubbery. 
Since  the  dift'erent  strands  of  wire  on  the  same  fence  are  subject 
to  varying  corrosive  action,  great  care  must  be  used  in  comparing 
them. 

The  nearest  to  the  ideal  condition  for  a  corrosion  test  is  found 
in  a  strand  of  barbed  wire  made  by  twisting  together  two  wires  of 
different  compositions.  Even  here  the  galvanizing  on  one  wire  may 
be  slightly  different  from  the  other.  While  this  influences  a  short- 
time  corrosion  test,  it  is  not  of  moment  in  a  test  covering  25  or  30 
years,  provided  that  the  galvanizing  is  of  the  usual  grade  found 
on  barbed  wire. 

The  objection  will  also  be  raised  that  electrolytic  action  between 
the  two  wires  will  influence  the  results  appreciably.  A  careful 
study  has  shown  that  the  influence  of  electrolytic  action  on  the 
corrosion  of  two  dissimilar  wires  in  a  strand  of  barbed  wire  is 
practically  nil.  There  are  few  points  of  contact  between  the  two 
wires  and  the  potential  difference  between  the  two  wires  is  neces- 
sarily minute.  The  work  of  Aston,-  together  with  some  research 
by  C.  F,  Burgess  and  also  by  the  writer  along  the  same  lines, 
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indicates  that  the  electrolytic  action  of  rust  on  the  surface  of  iron 
and  steel  is  far  more  important  than  any  minute  difference  in 
potential  due  to  slight  differences  in  composition.  Many  samples 
were  found  where  the  two  wires  in  a  strand  of  barbed  wire  were 
not  in  contact  over  a  distance  of  an  inch  or  more,  but  the  corrosion 
at  these  places  did  not  vary  from  the  points  where  the  wires  were 
in  contact,  though  the  two  wires  were  dissimilar  in  composition 
and  corroded  at  different  rates.  These  observations  led  to  the 
conclusion  that  the  two  wires  of  a  strand  of  barbed  wire  that  has 
been  in  service  for  20  to  30  years  may  be  compared  and  conclusions 
based  on  any  difference  in  composition. 

DATA  ON  FENCE  WIRE. 

At  ]\Iineral  Point,  Wisconsin,  and  at  several  other  points  in 
the  same  State,  strands  of  barbed  wire  were  found  in  which  the 
two  wires  were  corroding  at  a  dissimilar  rate.  In  some  cases  the 
difference  in  corrosion  was  slight  while  in  one  case  one  wire  had 
practically  corroded  entirely  away  while  the  other  was  but  slightly 
corroded.  Fortunately  the  age  of  most  of  these  wires  could  be 
approximated. 

Much  of  the  barbed  wire  made  previous  to  1892  was  made  by 
small  manufacturers  who  did  not  control  the  sources  of  supply  of 
raw  material,  but  merely  bought  the  wire  and  fabricated  the 
strands.  Under  such  conditions  it  is  not  surprising  that  many 
strands  of  barbed  wire  were  built  up  of  two  wires  that  corroded 
at  unequal  rates. 

Many  of  the  fences,  when  erected,  had  been  fastened  to  oak 
trees.  These  barbed  wires,  in  some  instances,  are  now  embedded  to 
a  depth  of  four  inches.  The  barbs  are  mostly  of  the  obsolete  two- 
point  Lyman,  and  other  similar  patterns  which  were  generally 
discontinued  at  the  expiration  of  the  Glidden  patents  in  1892. 
Many  of  the  barbed  wires  obtained  were  probably  erected  in  the 
period  from  1885  to  1892  or  25  to  30  or  more  years  ago. 

Not  all  of  the  barbed  wire  was  of  the  type  in  which  one  wire 
corroded  more  rapidly  than  the  other.  This  was  a  characteristic 
of  the  older  wires.  Many  specimens  were  obtained  in  which  the 
two  wires  corroded  at  equal  rates.     The  barbed  wires  of  more 
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recent  manufacture  generally  do  not  show  any  difference  in  the 
rate  of  corrosion  between  the  two  wires  composing  the  strand. 

A  close  examination  of  barbed  wire  fences  at  various  places  in 
southern  Wisconsin  shows  that  there  is  available  much  wire  in 
which  the  two  wires  composing  the  strand  corrode  at  dissimilar 
rates.  A  close  inspection  is  necessary  to  note  this  difference,  since 
the  twisted  wires  confuse  the  eye.  Often.it  is  necessary  to  untwist 
a  small  section  and  flake  off  the  adhering  rust. 

One  old  woven  wire  fence  showed  a  difference  in  the  rate  of 
corrosion  of  the  various  horizontal  wires.  Care  has  to  be  taken 
in  selecting  woven  wire  specimens,  since  most  woven  fencing  is 
of  more  or  less  recent  origin  and  there  is  a  decided  difference  in 
the  durability  of  the  galvanizing  on  the  various  horizontal  wires. 
The  top  strands  also  corrode  at  a  much  higher  rate  than  do  the 
lower  strands  in  the  same  fence. 

The  appearance  of  the  rust  varies  depending  upon  the  locality, 
and  upon  the  resistance  of  the  specimen  to  corrosion.  Where  the 
atmosphere  is  relatively  pure  and  the  corrosion  rate  low,  the  rust 
on  all  fence  wire,  after  several  years'  exposure,  is  a  deep  brown 
in  color  and  adheres  tightly  to  the  wire.  When  the  iron  is  first 
exposed  to  the  atmosphere,  after  removal  of  the  galvanizing  or 
adhering  rust,  the  rust  is  bright  red  in  color.  The  color  appears  to 
change  gradually  to  a  deep  brown. 

Wherever  the  atmosphere  becomes  more  corrosive,  due  not  only 
to  the  presence  of  industrial  gases,  but  also  to  excessive  moisture 
as  in  river  valleys  and  swamps,  and  during  the  moist  warm  spring 
and  summer  months,  there  is  a  marked  difference  between  those 
wires  that  are  highly  resistant  to  corrosion  and  those  that  are 
easily  corroded.  The  rust  on  those  wires  that  resist  corrosion  is 
a  deep  brown  and  adherent,  while  the  rust  on  those  wires  that  show 
small  resistance  to  corrosion  is  yellow  or  light  red  in  color,  is  flaky 
and  may  be  easily  removed.  Also,  the  less  resistant  wires  are 
deeply  pitted,  while  the  more  resistant  wires  corrode  more  or  less 
uniformly. 

Complete  analyses  of  several  strands  of  barbed  wire  were  made 
when  an  investigation  with  reference  to  the  damage  done  by 
sulphur  gases  at  Mineral  Point,  Wisconsin,  was  first  begun.  It 
was  necessary  to  determine  the  kind  of  steel  used  and  also  to 
determine  if  possible  the  cause  of  the  marked  difference  in  corro- 
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sion  of  the  wires  constituting  the  strands  of  barbed  wire.  These 
total  analyses  are  given  in  Table  I. 

A  study  of  these  analyses  shows  that  there  is  no  relation  between 
the  percentage  of  any  element  and  the  amount  of  corrosion  with 
the  exception  of  copper.  These  analyses  also  show  that  all  of  the 
barbed  wire  is  made  of  Bessemer  steel,  excepting  one  which  is 
made  of  wrought  iron.  The  woven  wire  fence  (Pittsburgh 
Welded  Steel)  is  made  of  basic  open-hearth  steel. 

Many  different  kinds  of  barbed  wire  have  been  examined,  but 
only  one  made  of  wrought  iron  wire  has  been  found. 

In  view  of  the  work  of  Burgess^  and  Buck*  and  various  other 
investigators  who  have  shown  that  copper  when  present  in  small 
amounts  in  iron  and  steel  decreases  the  rate  of  atmospheric  corro- 
sion to  a  marked  extent,  it  seemed  certain  that  the  copper  was  the 
cause  of  the  high  resistance  to  corrosion  of  the  wires  that  had 
been 'analyzed.  Therefore,  the  copper  content  of  a  large  number 
of  wires  used  in  barbed  wire  fences  was  subsequently  determined. 
The  results  are  given  in  Table  I. 

EXPLANATORY  DATA  AND  DISCUSSION  OE  TABLE  I. 

Samples  from  Mineral  Point,  Wisconsin. 

No.  1. — Pittsburgh  welded  steel  fence.  The  horizontal  wires 
corroding  at  different  rates.  Location  of  wire  on  fence  did  not 
influence  rate  of  corrosion.  The  vertical  wires  are  light  gage  and 
badly  corroded.  The  wires  high  in  copper  are  in  best  condition, 
(la  and  lb). 

No.  2. — About  five  strands  of  old  2-point  Lyman  barbed  wire 
found  on  an  old  gate.  Some  strands  are  in  a  good  state  of  preser- 
vation while  others  are  badly  corroded.  It  is  probable  that  these 
five  strands  were  erected  at  the  same  time.  Good  strand  contains 
copper.  (2b).  (See  group  No.  1  in  photograph.  Good  strand  on 
left,  poor  on  right.) 

No.  3. — An  old  fence  composed  of  two  old  2-point  Lyman 
barbed  wire  strands  embedded  in  burr  oaks  to  a  depth  of  four 
inches  at  some  places.  One  strand  in  good  condition  and  the 
other  at  same  place  in  poor  condition.  The  good  wire  (3a)  con- 
tains copper.  See  No.  5.  (Good  strand  is  shown  on  right  in 
group  No.  6  in  photograph.) 
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Location 

No. 

Kind  of 
Metal 

Cu 

c 

Mn 

P 

S 

Si 

Mineral    Pt. 

la 
lb 
Ic 
Id 

B.  0.  H. 

Steel 
Steel 
Steel 

0.18 
0.087 
0.041 
Tr. 

0.07 

3.42 

0.021 

0.055 

0.03 

2a 

Bess. 

0.017 

6.05 

i).4S 

6.077 

6.072 

2b 

Steel 

0.16 

•  .  •  • 

3a 

Bess. 

0.22 

0.10 

6.31 

6.090 

6.069 

6.'l3   » 

3b 

Steel 

0.018 

4a 

Bess. 

0.11 

6.06 

6.49 

6.098 

6.120 

TrV 

5a 

W.  I. 

nil 

0.03 

0.10 

0.136 

0.010 

6a 

Bess. 

nil 

.... 

[).25 

0.060 

6b 

Bess.           nil 

0.07 

D.29 

0.043 

6.085 

6c 

Bess.           0.15 

0.09 

3.64 

0.152 

0.048 

7a 

Bess.           0.023 

0.13 

3.62 

0.114 

0.066 

6.01 

8a 

Bess.           nil 

0.05 

3.25 

0.129 

0.098 

8b 

Bess.           0.24 

0.07 

3.45 

0.116 

0.097 

9a 

Steel           0.038 

9b 

Steel           0.088 

10a 

Steel            Tr. 

10b 

Steel        ,    0.06 

' 

11a 

Steel        i    0.16 

.... 

lib 

Steel           0.097 

12a 

Steel           0.120 

.... 

13a 

Steel        i    0.397 

.... 

14a 

Steel        ;    0.11 

i   . . . . 

14b 

Steel 

0.04 

15a 

Steel 

0.06 

15b 

Steel 

0.224 

About  15  to  20  barbed  wires,  both  new  and  old 

ind 

heavily  corroded,  contained  less  than  0.03%  Ci 

1. 

Cuba  City 

16a 

Steel 

0.07        1    

"       " 

16b 

Steel 

0.13        1    

"       " 

Ten  barbed  wires,  both  new  and  old  and  heavily  c 

or- 

roded,  contained  less  than  0.02%  Cu. 

Madison 

17a 

Steel 

0.15 

....    1 

.... 

" 

17b 

Steel 

0.097 

" 

18a 

W.  I. 

0.01 

" 

18b 

Steel 

0.063 

" 

19a 

Steel 

0.031 

" 

19b 

Steel 

0.015 

" 

20a 

Steel 

0.130 

" 

20b 

Steel 

0.008 

E.  Milwaukee 

21a 

Steel 

0.148 

« 

21b 

Steel 

0.005 

i( 

22a 
22b 

Steel 
Steel 

0.233 
0.005 

<( 

23a 

Steel 

0.01 
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No.  4. — An  old  Baker  barbed  wire  in  good  condition.  Next  to 
it  is  a  recently  erected  barbed  wire  in  poor  condition.  Old  wire 
contains  copper. 

No.  5. — Wrought  iron  barbed  wire  in  good  condition  except 
for  a  few  deep  pits.  This  wire  was  up  more  than  25  years, 
according  to  the  owner.  Found  near  No.  3 ;  both  embedded  about 
four  inches  in  burr  oaks.  Free  from  copper,  low  in  manganese, 
but  also  very  low  in  sulphur.  Much  slag  and  wire  brittle.  (Strand 
on  left  in  group  No.  6  in  photograph.) 

No.  6. — In  this  sample  one  wire  (6a  and  6b)  is  entirely  corroded 
away  in  places,  while  the  other  is  in  good  condition  (6c).  Most 
striking  of  all  samples.  Barbed  wire  of  old  2-point  Lyman  pattern. 
Good  wire  contains  copper  and  is  high  in  manganese.  Poor  wire 
low  in  manganese  and  free  from  copper.  Fence  in  moist,  swampy 
meadow.     (See  wire  No.  4  in  photograph.) 

No.  7. — New  2-point  Glidden  wire  erected  about  seven  or  eight 
years  ago.  Entirely  corroded  away  in  places.  Near  No.  6.  Low 
copper. 

No.  8. — Old  2-point  Lyman  barbed  wire  subjected  to  locomotive 
and  some  smelter  fumes.  Fence  posts  nearly  rotted  a\)  ay.  Wire 
low  in  copper  (8a)  badly  corroded,  while  wire  high  in  copper  (8b) 
is  in  good  condition.  Good  wire  also  higher  in  manganese,  and 
other  elements  about  the  same  in  each. 

No.  9. — Old  2-point  Lyman  barbed  wire.  Wire  (9a)  low  in 
copper.    Corroded  more  than  wire  (9b)  high  in  copper. 

No.  10. — Old  2-point  Lyman  barbed  wire.  Wire  (10a)  low  in 
copper  corroded  much  more  than  wire  (10b)  containing  copper. 

No.  11. — Old  2-point  Lyman  barbed  wire.  Slight  difference  in 
rate  of  corrosion.  Both  in  good  condition.  High  copper  wire 
(11a)  the  better  of  the  two.  Complete  analysis  would  probably 
show  up  difference  in  other  elements  as  above  percentages  of 
copper  should  not  make  difference  in  corrosion  rate. 

No.  12. — Old  2-point  Lyman  barbed  wire  from  scrap  heap.  OM 
fence  destroyed  by  floods.  New  fence  up  about  five  years.  Nos. 
12  and  13  in  good  condition,  while  new  fence  almost  ready  to  fall 
in  pieces.  Wire  in  low,  damp  location  and  subjected  to  locomotive 
and  smelter  fumes.    Nos.  12  and  13  contain  copper,  while  newer 
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fence  wire  contains  less  than  0.02  percent.  (See  group  No.  3  in 
photograph.  Wire  on  left  is  No.  13,  while  that  on  right  is  badly 
corroded  newer  wire.) 

No.  13.— Old  4-point  Glidden  barb.    See  No.  12. 

No.  14. — Old  peculiar  spread  barb,  made  about  30  years  ago. 
In  same  swampy  location  as  No.  6.  Wire  in  good  condition  (14a), 
contains  larger  amount  of  copper  than  wire  in  poorer  con- 
dition (14b).  (Same  pattern  as  wire  on  right  in  group  No.  5  in 
photograph.) 

No.  15. — Old  2-point  Lyman  barb  in  good  condition.  Subject 
to  some  smelter  fumes.  Imbedded  several  inches  in  burr  oak. 
Both  wires  contain  copper. 

Numerous  samples  of  both  older  and  newer  barbed  wire  that 
were  badly  corroded  were  analyzed  for  copper.  These  samples 
came  from  about  the  same  locations  that  the  numbered  samples 
were  obtained.  None  of  these  samples  contained  more  than  0.03 
percent  copper  and  most  of  them  were  under  0.02  percent.  None 
of  the  newer  barbed  wires  contained  more  than  0.02  percent  copper 
and  none  showed  high  resistance  to  corrosion. 

,  Samples  from  near  Cuba  City,  JVisconsin. 

A  number  of  samples  of  barbed  wire  were  obtained  from  the 
immediate  neighborhood  of  an  ore  roaster  near  Cuba  City,  Wis- 
consin. The  sulphur  dioxide  gases  are  causing  rapid  corrosion  of 
all  fence  wire  within  400  yards  of  the  stack.  The  smelter  had  been 
in  operation  about  four  years  when  the  samples  were  taken. 

No.  16. — About  250  yards  west  of  the  stack  one  barbed  wire  of 
the  old  2-point  Lyman  pattern  was  found  in  excellent  condition, 
while  the  fences  in  the  immediate  neighborhood  were  badly  cor- 
roded. These  fences  were  mostly  of  more  recent  erection,  though 
one  or  two  old  wires  were  found.  The  rust  on  this  well-preserved 
wire  is  deep  brown  as  compared  with  light  brown  on  the  heavily 
corroded  specimens.  The  heavily  corroded  specimens  contain  less 
than  0.02  .percent  of  copper,  while  the  good  strand  was  composed 
of  two  wires  containing  0.07  and  0.13  percent  respectively.  There 
is  no  difference  in  the  corrosion  rate  between  the  two  wires. 
(Wire  on  left  in  group  No.  2  in  photograph  is  good  strand,  while 
that  on  right  is  badly  corroded  wire  from  same  place.) 
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Samples  from  Madison,  Wisconsin. 

No.  17. — Old  2-point  Lyman  barbed  wire,  found  on  Eagle 
Heights.  Old  "line"  fence.  Posts  nearly  rotted  away.  Wire  in 
excellent  shape.    Both  wires  contain  copper. 

No.  18. — Old  barbed  wire  found  on  Regent  Street.  Same  make 
as  No.  5.  Both  wires  in  excellent  condition.  Appears  to  have 
been  painted  originally.  One  wrought  iron  and  the  other  of  steel 
containing  copper  and  show  no  difference.  Evidently  copper  steel 
as  good  as  wrought  iron.    See  No.  19. 

No.  19. — Old  peculiar  looped  barb,  on  same  fence  with  No.  18, 
but  in  poor  condition.    Both  wires  low  in  copper. 

No.  20. — Old  peculiar  looped  barb.  On  right-of-way  of  spur 
of  Illinois  Central  Railroad.  Practically  no  traffic.  Wire  high 
in  copper  (20a),  in  good  condition,  while  other  (20b)  low  in 
copper,  is  in  much  poorer  condition. 

Samples  from  East  Mihvankee,  Wisconsin. 

These  samples  were  obtained  at  the  northeastern  city  limits  of 
Milwaukee,  where  the  atmosphere  is  not  contaminated  with  smoke 
and  the  corrosion  is  about  normal. 

No.  21. — Old  4-point  Lyman  barbed  wire.  Wire  salvaged  from 
old  fence  and  used  to  reconstruct  fence  11  years  ago.  Good  wire 
(21a)  contains  copper,  while  poor  wire  (21b)  contains  a  trace. 
(Strand  on  left  in  group  No.  5  in  photograph.  Note  difference 
between  the  two  wires.) 

No.  22. — Old  spread  barbed  wire  same  as  No.  14.  Wire  sal- 
vaged from  old  fence  and  used  to  reconstruct  fence  11  years  ago. 
Good  wire  (22a)  contains  copper,  while  poor  wire  (22b)  contains 
trace.  (Strand  on  right  in  group  No.  5  in  photograph.  Note 
difference  between  the  two  wires.) 

No.  23. — New  barbed  wire  was  used  to  construct  a  fence  across 
alley  from  No.  21  and  22  about  seven  years  ago.  This  wire  is  in 
poor  condition  now.    Practically  free  from  copper. 

CONCLUSIONS. 

The  data  obtained  show  conclusively  that  copper  steel  is  highly 
resistant  to  corrosion  and  that  the  older  steel  fence  wire  containing 
copper  is  much  more  durable  than  that  free  from  copper.  The 
resistance  to  corrosion  is  independent  of  the  percentage  of  man- 
ganese in  the  steel. 
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DISCUSSION  OF  farmers'  BULLETIN  NO.  239. 

Unfortunately  Cushman  did  not  publish  the  detailed  data  on 
which  he  based  his  conclusions,  that  manganese  caused  the  rapid 
corrosion  of  fence  wire,  though  he  found  that  many  samples  high 
in  manganese  were  highly  resistant  to  corrosion.  On  page  15  he 
states : 

"It  is  sufficient  for  our  present  purpose  to  state  that  it  soon  became 
noticeable  that  the  majority  of  the  old  wires  sent  in  which  were  in  good 
condition  were  either  free  from  manganese  or  contained  only  very  small 
amounts — 0.2  percent  or  under — of  this  metal.  It  is  true  that  many  of  the 
good  wires  ran  as  high  as  0.5  percent  and  even  higher  in  manganese,  but 
the  fact  was  nevertheless  noticeable  that  the  bad  wires,  with  very  few 
exceptions,  contained  manganese,  while  the  good  wires  were  frequently 
if  not  always  free  from  it." 

This  last  sentence  is  more  or  less  contradictory,  but  evidently 
the  manganese  was  not  the  cause  of  the  trouble  if  many  of  the 
good  wires  ran  as  high  as  0.5  percent  and  even  higher  in  manganese 
and  some  of  the  bad  wires  were  free  from  it. 

The  most  important  element — copper — was  not  determined. 

Although  the  bulletin  is  not  clear  on  this  point,  apparently 
wrought  iron  and  steel,  both  open-hearth  and  Bessemer,  are  com- 
pared directly  by  chemical  analysis,  and  conclusions  based  on  this 
comparison.  There  are  "steels  and  steels"  and  the  same  expression 
may  be  applied  to  wrought  iron.  It  is  evident  that  some  of  the 
steel  fence  wire  was  highly  resistant  to  corrosion.  A  direct  com- 
parison between  good  and  poor  wrought  iron  and  especially  good 
and  poor  steel  would  have  been  of  more  value,  since  practically 
all  fence  wire  is  made  of  steel.  Wrought  iron  is  entirely  difterent 
from  steel  physically,  so  that  much  care  must  be  used  in  basing 
any  opinions  founded  on  the  difference  in  the  chemical  analyses 
of  these  two  materials,  especially  when  all  of  the  elements  present 
have  not  been  determined. 

On  page  21  of  the  bulletin  the  dissimilarity  between  steel  and 
wrought  iron  and  between  different  steels  is  described : 

"While  it  is  true  that  puddled  iron  is  in  a  large  measure  protected  from 
corrosion  by  the  presence  in  its  fibres  of  mill  cinder,  this  has  nothing  to 
do  with  the  fact  that  in  almost  all  modern  steel  woven-wire  fences  some 
wires  will  be  found  to  far  outlast  others,  independent  of  the  original  weight 
of  the  galvanized  covering  which  they  carry.  If  in  woven  wire  fence  all 
the  wires  last  as  well  as  the  best  ones  do.  there  would  have  been  no  com- 
plaints, and  this  investigation  would  never  have  become  necessary." 
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The  heterogeneous  structure  of  puddled  iron  is  described  at 
the  top  of  page  13 : 

"By  this  means  the  impurities  are  oxidized  and  burnt  off,  and  the  slag  or 
cinder  which  always  forms  is  worked  into  the  metal,  so  that  when  it  comes 
to  be  rolled  not  only  are  the  impurities  very  evenly  distributed  throughout 
the  mass,  but  it  possesses  the  structure  of  a  bundle  of  fibres,  each  one  of 
which  is  coated  with  a  film  of  cinder,  which  protects  it  in  very  large  meas- 
ure from  subsequent  rusting." 

Wrought  iron  contains  from  0.5  to  2  percent  of  this  slag,  but 
this  is  not  shown  in  the  usual  analyses.  Following  are  typical 
analyses  of  wrought  iron,  basic  open-hearth  and  Bessemer  steel 
fence  wire  taken  from  Table  I : 

Table  II. 


. 

Carbon 

Manganese 

Phosphorus 

Sulphur 

Silicon 

Wrought  iron 

Basic  open-hearth .... 
Bessemer 

0.03     i        0.10 
0.07             0.42 
0.07             0.45 

0.136 

0.021 
0.116 

0.010 
0.055 
0.097 

0.03 

The  above  analyses  show  the  wrought  iron  to  be  low  in  man- 
ganese as  compared  to  the  steel,  but  it  should  also  be  noted  that 
the  sulphur  content  is  about  10  to  20  percent  of  that  of  the  steel. 
Buck*  has  conclusively  shown  that  sulphur  affects  the  resistance 
of  steel  to  corrosion  to  a  marked  degree.  The  low  sulphur  content 
of  wrought  iron  should  make  it  more  resistant  to  corrosion  as 
compared  to  the  steels  containing  from  5  to  10  times  as  much. 
Investigation  has  not  yet  shown  that  manganese  decreases  the 
resistance  of  steel  or  iron  to  corrosion. 

Cushman  concludes  that  most  of  the  old  iron  wire  erected 
from  1875  to  1885,  and  before  that  period,  is  much  more  resistant 
to  corrosion  than  modern  steel.  It  will  later  be  shown  that  the 
iron  ores  used  during  and  previous  to  that  period  contained  copper 
in  varying  amounts.  Since  practically  all  of  the  wrought  iron 
was  made  in  the  eastern  part  of  the  United  States,  where  most  of 
the  ore  was  obtained  at  that  time,  it  is  probable  that  much  of  the 
wrought  iron  contained  copper.  Since  the  copper  was  not  deter- 
mined in  the  iron  or  steel  examined  by  Cushman,  this  point  is  open 
to  further  investisration. 


Fig.   1. 


4    5     6 
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Unfortunately,  only  two  wrought  iron  barbed-wire  specimens, 
both  of  the  same  make,  were  found.  With  such  meager  data  it  is 
impossible  to  make  any  comparisons  as  to  the  durability  of  various 
wrought  irons.  However,  one  of  the  strands,  No.  18,  was  com- 
posed of  a  wrought  iron  and  a  steel  wire,  the  latter  containing  0.06 
percent  copper.  The  steel  and  wrought  iron  wires  were  both  in 
excellent  condition,  showing  little  corrosion,  while  a  steel  barbed 
wire.  No.  19,  which  was  next  to  it  and  of  obsolete  pattern,  was  in 
poor  condition.  This  one  comparison  indicates  that  copper  steel 
is  as  durable  as  wrought  iron. 

The  bulletin  does  not  define  what  is- meant  by  "Corrosion  of 
Fence  Wire." 

There  are  two  steps  in  the  corrosion  of  galvanized  wire — the 
first  resulting  in  the  destruction  of  the  galvanizing,  and  the  second 
resulting  in  the  destruction  of  the  iron  or  steel  base.  Usually  a 
fence  is  not  considered  useless  when  rust  begins  to  appear,  but 
rather  when  the  iron  or  steel  base  has  corroded  so  badly  that  it 
can  be  of  no  further  service.  Generally  the  first  period  is  short 
compared  with  the  second. 

A  heavy  coating  of  zinc  of  good  quality  will  insure  a  long 
life  for  the  wire,  even  though  the  iron  base  is  of  poor  quality.  In 
this  case  the  wire  will  not  become  rusty  and  have  a  poor  appear- 
ance as  long  as  the  galvanizing  is  intact.  On  the  other  hand,  if  a 
rust-resisting  grade  of  steel  wire  is  covered  with  a  thin  coating  of 
low-grade  galvanizing,  the  life  of  the  wire  may  be  as  long  as  in  the 
first  case,  and  probably  longer,  though  the  wire  will  become  rusty 
in  two  or  three  years. 

Since  galvanized  barbed  wire  usually  receives  but  a  thin  coating 
of  zinc,  the  life  of  the  wire  depends  principally  upon  the  life  of 
the  iron  or  steel  base. 

If  a  fence  wire  is  supposed  to  have  failed  when  rust  appears, 
this  cannot  be  regarded  as  a  measure  of  the  corrosion  resistance 
of  the  steel,  but,  instead,  of  the  galvanizing.  The  steel  or  iron 
base  has  little  influence  except  as  it  affects  the  quality  of  the 
galvanizing.  Little  is  known  of  the  effect  of  the  iron  or  steel  base 
on  the  quality  of  the  galvanizing  and  this  is  a  subject  worthy  of 
extended  research. 

Throughout  the  bulletin  this  failure  to  keep  the  durability  of  the 
20 
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galvanizing  separate  from  that  of  the  iron  or  steel  base  has  re- 
sulted in  confusion  and  given  erroneous  impressions  to  the  reader. 
The  following  extracts  from  Bulletin  239,  page  21,  illustrate 
this  point: 

"In  one  fence  which  has  been  under  observation  for  four  years  one  wire 
was  in  perfect  condition,  although  it  carried  a  light  covering  of  zinc,  while 
the  wire  next  to  it  was  badly  rusted  from  end  to  end.  Careful  chemical 
analyses  were  made  of  these  two  wires,  and,  in  order  to  check  the  resuUs 
secured,  samples  were  sent  to  one  of  the  most  eminent  iron  chemists  in 
the  country.    This  chemist  reported  as  follows: 

"  'We  have  examined  these  samples,  finding  as  follows : 

Constituents  Good  Wire,  Percent  Bad  Wire,  Percent 

Carbon    0.17  0.17 

Manganese    0.45  0.53 

Phosphorus   0.092  0.096 

Silicon    0.070  0.060 

Sulphur   0.059  0.083 

You  will  note  that,  so  far  as  these  two  samples  go,  there  is  very  little  differ- 
ence in  the  wire,  and  practically  no  explanation  chemically  as  to  why  one 
should  be  good  and  the  other  bad.  They  might  almost  be  from  consecutive 
heats  from  the  same  Bessemer  converter.  I  do  not  think  they  are  from  the 
same  heat.  Notwithstanding  this  similarity  of  analysis  of  the  samples 
which  we  have  examined,  it  is  more  than  probable  that  there  may  be  quite 
unequal  distribution  of  the  manganese  in  the  two  samples.'" 

While  the  statement  is  not  specific,  it  is  supposed  that  "perfect 
condition"  means  that  the  zinc  coating  is  intact.  It  is  difficult  to 
see  how  a  comparison  of  the  analyses  of  the  steels  in  different 
wires  justifies  any  conclusions  with  reference  to  the  durability  of 
the  wires  and  the  causes  of  corrosion  when  the  steel  of  one  wire 
has  not  corroded  and  the  galvanizing  is  in  perfect  condition.  It 
would  seem  to  show  that  there  was  a  decided  difference  in  the 
quality  of  the  galvanizing. 

Page  23 — "A  very  much  better  covering  and  perhaps  a  more  durable  wire 
can  be  made  by  what  is  known  as  the  double  galvanizing  process.  The 
double  process  does  not,  as  its  name  implies,  mean  that  more  than  one 
coating  of  zinc  is  put  on,  but  only  that  about  twice  as  much  zinc  by  weight 
is  carried  by  the  wire.  In  the  double  process  the  wire  is  drawn  much  more 
slowly  through  the  zinc  bath  and  does  not  pass  through  asbestos  wipers, 
but  is  smoothed  by  passing  through  a  shallow  bed  of  slightly  damp  charcoal 
powder.  Telegraph  wire  is  usually  treated  by  this  method  and  is  gen- 
erally acknowledged  to  be  more  durable  than  fence  wire,  but  it  is  worth 
noting  at  the  same  time  that  care  is  exercised  in  the  manufacture  of  tele- 
graph wire  to  keep  the  manganese  low,  because  the  presence  of  this  element 
increases  the  electrical  resistance  of  the  wire." 

Observation  shows  that  the  galvanizing  on  telegraph  wire  is 
much  more  durable  than  that  on  fence  wire.    The  double-weight 
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of  zinc  used  gives  more  than  a  two-fold  increase  in  the  hf e  of  the 
galvanizing.  The  cause  of  the  increased  life  is  then  not  due  to 
the  low  manganese  content  of  the  steel  base,  but  to  the  heavy 
coat  of  galvanizing,  which  is  made  possible  by  the  large  gage  wire 
generally  used. 

Page  24 — "Although,  as  has  been  said  in  an  earlier  paragraph,  it  is  not 
the  intention  to  maintain  that  the  weight  of  the  galvanized  coating  has 
nothing  to  do  with  the  lasting  quality  of  the  fence  wire,  in  view  of  the 
evidence  which  has  been  collected,  it  is  impossible  to  believe,  as  many  peo- 
ple do  believe,  that  insufficient  galvanizing  is  the  whole  cause  of  the  diffi- 
culty. Among  the  wire  fences  that  have  been  under  the  careful  observa- 
tion of  the  writer  for  a  long  time  is  one  woven-wire  fence  five  years  old 
that  contains  among  its  twelve  horizontal  wires,  all  of  one  roll,  seven  wires 
that  are  perfectly  good  from  beginning  to  end,  four  that  are  partially  rusted, 
and  one  that  is  badly  rusted,  without  a  particle  of  zinc  remaining  on  it. 
Of  the  seven  perfectly  good  wires,  six  are  on  the  bottom.  Now,  if  the 
theory  of  electrolysis  is  left  out  of  the  question  it  would  seem  that  the 
good  wires  received  a  better  coating  of  zinc  than  the  bad  wires.  This  ex- 
planation is  not  supported  either  by  observation  or  experiment.  Two  wires 
are  made  in  the  same  mill ;  pass  through  the  same  zinc  bath ;  are  wiped 
off  in  precisely  the  same  way ;  chemical  analysis  shows  them  to  have  prac- 
tically the  same  weight  of  zinc  covering  per  pound  of  metal ;  and  yet  one 
wire  will  outlast  the  other  5  to  1  on  the  fence.  It  is,  however,  entirely 
possible  that  the  perfection  with  which  the  manganese  and  other  impurities 
are  distributed  may  happen  to  be  more  perfect  in  one  ingot  than  it  is  in 
another.  Within  certain  practical  and  possible  limits  it  is  probably  true 
that,  other  things  being  equal,  the  wire  with  the  heavier  zinc  coating  per 
unit  of  surface  area  will  be  the  most  resistant  to  weather  conditions." 

In  this  case  the  writer  again  maintains  that  the  quality  of  the 
galvanizing  determines  how  quickly  the  wire  becomes  covered 
with  rust.  The  galvanizing  on  the  same  wire  varies  irregularly 
along  its  entire  length,  as  may  readily  be  seen  on  any  woven  wire 
fence  that  is  beginning  to  rust.  It  is  hardly  probable  that  gal- 
vanizing of  the  same  quality  will  be  found  in  all  of  the  strands  of 
any  woven  wire  fence.  Also  the  weight  of  the  zinc  per  unit  of  area 
does  not  alone  determine  the  quality.  If  the  galvanizing  varies  in 
quality  it  is  difficult  to  see  how  any  conclusions,  which  are  based 
on  the  relative  durability  of  the  galvanizing,  may  be  made  as  to 
the  corrosion-resisting  qualities  of  the  iron  or  steel  base,  especially 
before  the  zinc  has  been  removed. 

However,  the  composition  of  the  iron  and  steel  does  become  of 
the  utmost  importance  after  the  removal  of  the  galvanizing  by 
weathering  and  usually  the  durability  of  the  iron  or  steel  base 
plays  a  more  important  part  in  the  life  of  the  fence  than  the 
galvanizing. 
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re;view  of  copper  steei.  investigations. 

According  to  Friend,^  Karsten  (British  Association  Reports 
1838,  p.  265)  was  the  first  to  class  the  copper  alloys  along  with 
those  less  liable  to  corrode  than  ordinary  iron.  He  then  states 
that  the  early  researches  showed  that  copper  irons  were  poorer 
than  ordinary  iron,  but  later  it  was  found  that  the  sulphur  present 
with  the  copper  caused  the  trouble.  The  reputation  of  the  copper 
steels  in  the  physical  tests  also  suffered,  owing  to  the  accompanying 
sulphur  that  was  so  often  present  in  excessive  amounts. 

The  first  recorded  research  work  on  the  corrosion  of  copper 
steels  is  that  of  Williams.®  In  1900  he  made  some  atmospheric 
corrosion  tests  of  steels  with  a  varying  content  of  copper,  and 
also  of  wrought  iron  with  and  without  copper.  The  results 
follow : 

Bessemer  Steel  Series. 


Percent  Copper  Percent  Loss 

A.  Soft  Bessemer 1.85 

B.  "  "  0.078  0.89 

C         "  "  0.145  0.75 

D.       "  "  0.263  0.74 


Steel  and  Wrought  Iron  Series. 


Percent  Loss 

Soft  Bessemer  1-65 

Wrought  iron,  No.  1 0.76 

"     2 0.80 

"     3 0.87 

"     4   (0.393  Cu) 0.53 


The  results  obtained  with  the  steel,  check  the  results  of  Buck 
closely,  in  which  he  found  that  0.05  percent  of  copper  gives  almost 
a  maximum  protective  effect. 

Williams'  work  was  quickly  followed  in  1901  by  that  of  Stead 
and  Wigham,^  who  were  studying  the  effect  of  copper  in  steel  on 
wire-drawing.  A  series  of  14-gauge  wires  were  left  in  flowing 
Middlesborough  town  water  for  nine  weeks.  Similar  samples 
were  exposed  to  the  salt  water  in  the  tidal  River  Lees  at  Middles- 
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borough.  While  Cushman^  states  that  the  results  were  confusing, 
Stead  and  Wigham  conclude,  "It  may  be  considered  as  proved  that 
copper  in  iron  and  steel  retards  corrosion." 

Following  is  a  table  showing  the  analyses  of  the  steels  used  by 
Stead  and  Wigham  and  the  percentage  loss : 


Bessemer  Rail  Steel. 


Series  I      A. . 
B.. 

Series  II    C 
D.. 

Series  III  E. . 
F.. 

Series  IV  G. . 

J.. 


Series  V    N. 
X. 


0.330 
0.320 

0.480 
0.490 

0.310 
0.200 

0.340 
0.420 


Mn 


1.090 
0.640 

0.933 
0.933 

0.676 
0.676 

0.940 
0.930 


Si 


0.028 
0.028 

0.070 
0.075 

0.084 
0.084 

0.065 
0.065 


0.118 
0.055 

0.047 
0.047 

0.047 
0.044 

0.030 
0.030 


Crucible  Steel. 


0.990 
0.970 


0.463 
0.491 


0.168 
0.177 


0.034 
0.034 


0.021 
0.023 


0.010 
0.460 


p 

Cu 

0.012 
1.286 

1    0.049 
i    0.048 

0.084 
0.082 

0.033    ' 
0.889 

0.084 
0.082 

0.012 
2.000 

0.063 
0.067 

0.025 
0.480 

Percent 
Loss 


19.0 
11.5 

12.0 
13.5 

14.7 
4.7 

10.6 
8.9 


12.7 
10.1 


A  study  of  the  results  shows  that  copper  decreases  the  corrosion 
of  steels.  The  only  exception  is  in  Series  II,  where  the  low  copper 
steel  has  a  slight  advantage  over  the  high  copper  steel,  though  it 
may  be  pointed  out  that  the  former  contains  over  0.03  percent  of 
copper,  at  which  point  Buck  has  shown  that  the  influence  of  copper 
is  noticeable.  Manganese  does  not  appear  to  influence  the  amount 
of  corrosion,  while  the  high  sulphur  content  of  the  first  steel  prob- 
ably accounts  for  its  excessive  corrosion. 

In  1912,  Burgess^  found  that  when  even  small  amounts  of 
copper  were  added  to  electrolytic  iron,  the  atmospheric  corrosion 
was  lessened  greatly. 

This  work  was  closely  followed  by  that  of  Buck,*  whose  im- 
portant researches  on  a  commercial  scale  have  established  the 
superiority  of  copper  steel  over  the  other  steels,  and  have  also 
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established  the  limits  in  which  this  high  resistance  to  corrosion 
may  be  secured.  Incidentally  the  action  of  various  impurities  in 
steel  is  being  determined. 

ORIGIN  OF  COPPER  IN  STEEL  FENCE  WIRE. 

The  data  presented  show  that  much  of  the  Bessemer  steel  made 
25  or  30  years  ago  contained  copper,  while  most  of  that  made 
more  recently,  and  at  the  present  time,  contains  but  a  trace.  The 
presence  of  copper  in  open-hearth  steels  is  easily  explained,  as  it 
comes  largely  from  the  copper  contained  in  the  scrap  iron  which 
is  used  in  that  process.  Since  metallic  copper  was  not  purposely 
added  to  the  Bessemer  steel  made  25  or  30  years  ago,  it  must  have 
had  its  origin  in  the  iron  ore  used  in  producing  the  pig  iron. 

A  study  of  the  ores  of  the  United  States  shows  that  the  Lake 
Superior  ores  produce  a  steel  containing  at  most  but  a  trace  of 
copper.  However,  the  ores  obtained  in  the  eastern  United  States 
contain  varying  amounts  of  copper,  the  Cornwall  ores  of  eastern 
Pennsylvania  sometimes  producing  an  iron  or  steel  analyzing  as 
high  as  1.00  percent  copper.  Some  of  these  ores  are  treated  for 
their  copper  content. 

About  25  to  30  years  ago  the  Lake  Superior  ore  district  had  not 
assumed  the  important  part  in  the  metallurgy  of  iron  and  steel  that 
it  now  occupies,  while  the  iron  ores  of  the  eastern  United  States 
formed  an  important  part  of  the  output  of  this  country.  In  addi- 
tion to  this,  200,000  to  300,000  tons  of  copper-bearing  iron  ores 
were  imported  in  some  years  from  Cuba. 

The  following  extract  from  H.  H.  Campbell's  book  on  the 
"Manufacture  and  Properties  of  Structural  Steel,"  published  in 
1896,  shows  that  the  older  steels  and  wrought  irons  usually  con- 
tained copper : 

"Influence  of  Copper — The  iron  made  from  the  ores  of  Cornwall,  Pa., 
contains  from  0.75  to  1.00  percent  of  copper,  and  large  quantities  of  rails 
have  been  made  from  this  iron  alone,  but  it  has  oftener  been  the  custom 
at  Eastern  steel  works  to  use  from  25  to  50  percent  of  this  iron  in  the 
mixture,  the  rest  being  made  from  foreign  ores.  Other  deposits  contain 
considerable  quantities  of  this  element,  notably  some  beds  in  Virginia, 
while  the  ores  of  Cuba  give  an  iron  with  about  0.10  percent  of  copper. 

"Not  only  has  such  metal  been  put  into  rails,  but  into  all  kinds  of  steel, 
both  hard  and  soft,  and  large  quantities  have  been  worked  in  puddle  fur- 
naces and  in  foundries,  so  that  the  miscellaneous  cast-iron,  wrought-iron, 
and  steel  scrap,  throughout  the  East,  is  very  apt  to  contain  quite  an  appre- 
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ciable  quantity  of  copper,  and  as  steelmakers  will  thus  forever  have  this 
element  to  handle  it  is  of  pressing  importance  that  its  effect  be  understood. 
The  necessity  for  such  knowledge  is  the  more  marked,  as  it  is  the  custom 
in  certain  favored  districts  to  intimate  that  copper  is  injurious,  although 
definite  proof  is  always  lacking. 

"Most  of  the  Bessemer  steels  which  are  recorded  in  this  book  contain 
from  0.30  to  0.50  percent  of  copper,  while  much  of  the  open-hearth  steel  is 
of  the  same  character,  and  this  will  be  sufficient  proof  that  the  best  of 
steel  may  contain  a  considerable  proportion.  If,  therefore,  it  appears  from 
a  set  of  experiments  that  copper  exerts  a  bad  effect,  then  one  of  two  things 
follows : 
"(1)  That  the  experiments  have  left  some  factor  out  of  the  question. 
"(2)  That  the  maker  of  good  steel  has  some  trick  by  which  he  over- 
comes the  enemy. 

"It  would  be  a  cause  for  satisfaction  if  we  could  boast  that  the  latter 
supposition  were  true,  but,  as  a  matter  of  fact,  we  have  never  known  that 
copper  injured  the  cold  properties  of  steel  in  any  way,  and  it  is  unneces- 
sary to  add  that  no  system  has  been  devised  to  obviate  its  influence. 

"Hard  and  soft  steels  of  our  manufacture  have  found  their  way  into  all 
channels  of  trade,  and,  although  many  failures  have  come,  as  they  have 
everywhere,  from  high  carbon,  high  manganese,  or  high  phosphorus,  there 
have  been  no  cases  where  it  was  necessary  to  invoke  the  aid  of  copper. 
This  fact  outranks  and  transcends  in  value  any  limited  series  of  tests  that 
might  be  given.  In  the  same  way  there  is  no  evidence  that  copper  segre- 
gates, experience  pointing  rather  to  perfect  uniformity.  A  story  has  been 
the  rounds  of  the  trade  journals  of  a  copper  wire  which  crystallized  out  in 
the  head  of  a  rail,  but,  unfortunately,  no  method  is  known  by  which  the 
phenomenon  can  be  duplicated,  since  such  rails  might  be  of  great  value  in 
electrical  work. 

"Steel  may  contain  up  to  one  percent  of  copper  without  being  seriously 
affected,  but  if  at  the  same  time  the  sulphur  is  high,  say  0.08  to  0.10  per- 
cent, the  cumulative  effect  is  too  great  for  molecular  cohesion  at  high 
temperatures,  and  it  cracks  in  rolling.  This  tearing  occurs  almost  entirely 
in  the  first  passes  of  the  ingot,  so  that  it  is  of  little  importance  to  the 
engineer  who  is  concerned  only  with  perfect  finished  material.  In  the 
purest  of  soft  steels  containing  not  more  than  0.04  percent,  of  either  phos- 
phorus or  sulphur,  the  influence  of  even  0.10  percent  of  copper  may  be 
detected  in  the  less  ready  welding  of  seams  during  the  process  of  rolling, 
but  ordinarily  when  the  sulphur  is  below  0.05  percent,  the  copper  injures  the 
rolling  quahty  very  little,  even  if  present  in  the  proportion  of  0.75  percent. 
In  all  cases  the  cold  properties  seem  to  be  entirely  unaffected. 

"These  conclusions  are  not  founded  on  any  limited  series  of  tests  on 
special  alloys ;  they  are  the  fruit  of  years  of  experience  in  the  making  of 
millions  of  tons  of  cupriferous  steels,  and  it  is  quite  certain  that  any 
baneful  influence  of  this  constant  companion  would  have  been  felt  in  the 
many  investigations  which  have  been  made  into  the  mechanical  equation  of 
structural  metal." 

A  search  of  the  Hterature  substantiates  Campbell's  statement, 
for  many  of  the  older  irons  and  steels  contain  appreciable  quan- 
tities of  copper.  Unfortunately,  few  analysts  determined  the 
copper  in  iron  or  steel.  Even  then  the  copper  content  as  reported 
was  probably  low,  according  to  A.  L.  Colby,  who  discussed  the 
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determination  of  copper  in  steel  in  an  article  in  the  Iron  Age  for 
November.  1899.  He  investigated  the  determination  of  copper  in 
iron  and  steel  and  found  that  the  early  analyses,  owing  to  faulty 
methods,  did  not  show  any  or  but  little  copper  when  there  was 
considerable  present. 

While  such  cupriferous  steel  and  wrought  iron  was  made  pre- 
vious to  25  or  30  years  ago,  the  character  of  the  ore  used  for 
making  Bessemer  steel  in  this  country  has  changed,  so  that  at  the 
present  time  little  cupriferous  steel  is  made  by  that  process.  This 
is  confirmed  by  the  results  of  the  copper  analyses  made  on  a  large 
number  of  fence  wires.  With  one  exception,  all  of  this  wire  is  of 
steel  and  probably  Bessemer  steel.  Most  of  the  older  barbed 
wires  contained  copper  in  varying  amounts,  while  the  wire  of 
recent  manufacture  contains  but  a  trace,  less  than  0.02  percent. 
Two  samples  of  wrought  iron  fence  Avire  were  analyzed.  These 
tw^o  strands  were  made  by  the  same  firm  and  contained  little 
copper. 

Apparently  the  present-day  wrought  iron  is  likely  to  have  copper 
in  it.  This  has  been  demonstrated  by  several  analyses  of  wrought 
irons  of  recent  manufacture  brought  to  the  attention  of  the  writer, 
and  also  by  the  report  of  Committee  A-5  on  Corrosion  of  Iron  and 
Steel  of  the  American  Society  for  Testing  Materials.^  The  Com- 
mittee reports  with  reference  to  the  analysis  of  the  wrought  iron 
sheets  to  be  used  in  the  extensive  corrosion  tests  of  roofing  sheets  : 

"It  is  interesting  to  note  that  the  puddled  irons  have  a  high  copper  con- 
tent, probably  due  to  the  use  of  eastern  Pennsylvania  ores,  and  an  effort 
w\\\  be  made  to  secure  a  genuine  puddled  iron  substantially  free  from 
copper." 

The  present  open-hearth  steel  contains  varying  amoimts  of 
copper,  as  shown  in  the  woven  wire  fence  analyses  of  Table  I. 
Analyses  of  open-hearth  steels  show  that  the  amount  of  copper 
present  varies  over  a  considerable  range  in  successive  heats, 
depending  upon  the  nature  of  the  scrap  used.  Where  open-hearth 
steel  is  used  for  fence-wire  this  variation  in  the  different  heats 
will  show  up  in  a  diiiference  in  the  rate  of  corrosion  of  the  differ- 
ent strands  of  wire.  This  is  apparent  in  Table  I,  where  the  copper 
content  of  the  horizontal  strands  of  a  woven  wire  fence  made  of 
basic  open-hearth  steel  varied,  the  strand  low  in  copper  showing 
the  greatest  corrosion. 
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WHY  ARE  COPPER-STEEivS  A  RECENT  DEVELOPMENT  ? 

The  making  of  copper-steels  is  not  a  new  art  by  any  means. 
Irons  and  steels  of  ancient  origin  contain  varying  amounts  of 
copper.  The  deliberate  adding  of  copper  to  steel  and  iron  to  secure 
the  necessary  resistance  to  corrosion,  however,  is  a  new  process 
which  is  now  being  used  by  several  manufacturers.  The  manu- 
facturers who  make  iron  and  steel  products  that  are  subject  to 
corrosion  are  fortunate  if  they  have  available  iron  ores  or  pig 
iron  containing  sufficient  copper,  since  copper  is  not  eliminated  in 
any  of  the  refining  processes. 

Cushman,  in  Bulletin  No.  5  of  The  Institute  of  Industrial  Re- 
search,^ after  quoting  H.  H.  Campbell  on  his  experience  in  the 
making  "of  millions  of  tons  of  cupriferous  steels"  (see  last  para- 
graph of  quotation  from  Campbell  in  this  paper),  states: 

"There  would  seem  to  be  little  use  in  pursuing  this  subject  further;  it  is 
sufficiently  well  shown  that  copper-bearing  steels  are  not  new,  and  that 
those  who  make  them  in  millions  of  tons  had  never  claimed  for  them  the 
valuable  quality  of  extraordinary  resistance  to  corrosion.  If  they  really 
possessed  this  quality  it  is  remarkable  that  the  point  should  have  escaped 
the  notice  of  so  many  able  contemporaneous  metallurgists." 

It  is  remarkable  that  so  many  metallurgists  overlooked  the  fact 
that  copper-steels  showed  high  resistance  to  corrosion.  But  a 
closer  study  of  the  conditions  under  which  these  metallurgists  were 
working  readily  explains  this  oversight. 

Previous  to  1860,  wrought  iron  did  not  have  its  present  com- 
petitor— mild  steel.  At  about  this  time  both  the  Bessemer  and 
open-hearth  processes  were  put  in  operation,  and  mild  steel  began 
to  be  a  competitor  of  wrought  iron.  It  was  not  long  before  state- 
ments appeared  in  the  literature  relative  to  the  comparative  rate 
of  corrosion  of  wrought  iron  and  steel.  The  makers  of  wrought 
iron  were  jealous  of  the  steel  makers  and  their  attitude  is  reflected 
in  the  literature. 

With  the  intense  rivalry  between  the  manufacturers  of  wrought 
iron  and  steel,  it  was  natural  that  the  metallurgists  should  confine 
their  efiforts  to  determine  which  one  of  the  two  was  more  resistant 
to  corrosion.  Few  of  the  analyses  available  give  the  copper  con- 
tent of  the  wrought  iron  or  steel  of  that  time,  but  it  is  evident  that 
copper  was  more  often  present  than  absent. 
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The  attention  of  the  metallurgists  was  turned  toward  the  effect 
of  copper  on  the  physical  properties  of  iron  and  steel  because  it 
was  usually  present.  The  idea  was  prevalent  that  copper  made 
steel  red-short,  and  ores  containing  copper  were  usually  rejected 
in  Sweden.  As  early  as  1864  Percy's  book  on  the  Metallurgy  of 
Iron  and  Steel  devoted  several  pages  to  the  effect  of  copper  on 
the  physical  properties  of  iron  and  steel,  and  he  quotes  several 
experiments  by  various  investigators  to  show  that  copper  is  not 
detrimental. 

During  the  period  from  1860  to  1880  the  metallurgy  of  steel 
developed  rapidly,  and  its  chemistry  was  studied  closely.  Carbon, 
manganese,  phosphorus,  sulphur  and  silicon  in  various  proportions 
gave  steel  widely  different  properties.  Copper  was  sometimes 
absent,  but  more  often  present  in  small  amounts,  though  seldom 
exceeding  0.20  to  0.30  percent,  and  investigation  showed  that  it  had 
practically  no  effect  on  the  physical  properties.  Therefore,  it  was 
natural  that  the  investigators  should  study  the  effect  of  carbon, 
manganese,  phosphorus,  sulphur  and  silicon — elements  that  were 
known  to  affect  the  physical  qualities  of  the  metal — with  reference 
to  their  effect  on  corrosion,  rather  than  copper,  which  apparently 
had  practically  no  influence  on  the  physical  properties  of  the  metal. 
The  general  trend  of  the  discussions  along  corrosion  lines  since 
1880  is  brought  out  in  the  following  paragraphs. 

W.  E.  Koch,  while  discussing  the  paper  of  A.  Willis  on  "Re- 
actions in  the  Open  Hearth  Process,"  before  the  British  Iron  and 
Steel  Institute  in  1880  (vol.  16,  p.  120)  states  incidentally  that  he 
had  been  making  a  great  many  experiments  in  the  corrosion  of 
boiler  plate  and  he  thought  it  was  much  more  due  to  the  quantity 
of  sulphur  and  phosphorus  in  the  plates  than  anything  else.  A 
high  manganese  did  not  seem  to  aff'ect  the  corrosion  at  all.  He 
had  had  plates  with  0.8  to  0.9  percent  manganese  and  a  low  per- 
centage of  carbon  which  corroded  less  than  when  sulphur  and 
phosphorus  were  in  considerable  quantities. 

In  a  later  communication  to  H.  M.  Howe,^°  Koch  expressed  the 
opinion  that  steel  free  from  blowholes  does  not  corrode  easily,  and 
that  the  function  of  the  manganese  is  to  free  the  steel  from  blow- 
holes. 
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Another  interesting  point  brought  out  in  the  discussion  of  Wilhs' 
paper  was  that  copper  was  usually  present  in  considerable  amounts 
in  manganese  ores.  The  question  was  raised  as  to  whether  the 
presence  of  several  percent  of  copper  in  the  ferro-manganese 
added  to  the  steel  would  injure  its  physical  properties.  The  addi- 
tion of  manganese  to  the  steels  of  that  period  evidently  introduced 
appreciable  quantities  of  copper.  The  effect  of  this  copper  on 
the  corrosion  of  the  steel  was  not  touched  upon. 

W.  Parker/^  in  1881,  reported  an  extensive  series  of  experi- 
ments he  had  made  on  the  relative  corrodibility  of  wrought  iron 
and  steel.  He  found  Httle  or  no  difference  between  the  two,  but 
found  that  the  more  impure  wrought  irons  resisted  corrosion  much 
more  readily  than  those  more  highly  purified.  The  latter  con- 
tained much  less  cinder  than  the  more  impure  material. 

Parker's  work  started  a  large  amount  of  discussion  and  some 
extensive  work  was  started  along  the  same  lines  by  the  Krupps, 
in  Germany,  to  determine  whether  steel  or  wrought  iron  was  more 
resistant  to  corrosion  under  various  conditions.  The  work  was 
carried  out  by  H.  Otto,^^  and  covered  a  period  of  nearly  four 
years — from  1882  to  1886 — but  the  results  were  not  published 
until  1896.  The  experiments  were  to  determine  what  influence 
manganese,  silicon  and  carbon  had  on  the  rate  of  corrosion,  but 
no  conclusions  could  be  reached  from  the  results.  The  interesting 
feature  of  the  analyses  of  the  various  steels  used  show  them  to 
contain  from  0.12  to  0.13  percent  of  copper,  while  the  wrought  iron 
contains  from  0.05  to  0.06  percent.  Otto  does  not  discuss  the  in- 
fluence of  copper,  though  his  analyses  show  its  presence.  The 
presence  of  the  copper  in  the  steel  was  probably  the  cause  of  its 
durability. 

In  1895,  Howe^"  discussed  the  relative  corrodibility  of  wrought 
iron  and  steel.  He  makes  the  following  statement,  which  is  highly 
significant:  "Under  identical  conditions  of  exposure  not  only 
different  classes,  but  even  apparently  like  pieces  of  wrought  iron 
corrode  at  very  unlike  rates  and  so  do  apparently  like  pieces  of 
steel.  *  *  *  It  is  generally  believed  that  impure  wrought 
irons  as  a  class  corrode  much  less  than  pure  ones." 

Up  to  1900,  none  of  the  investigators  had  considered  the  effect 
of  copper  in  the  corrosion  of  wrought  iron  and  steel.    Copper  was 
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not  discussed  when  the  corrosion  problem  was  considered,  al- 
though co])per  was  known  to  be  present  in  many  irons  and  steels. 
The  experiments  were  directed  to  determine  the  relative  durabiHty 
of  wrought  iron  and  steel  and  to  determine  the  effect  of  carbon, 
manganese,  phosphorus,  sulphur,  and  silicon.  While  several  in- 
vestigators determined  the  effect  of  copper  on  the  physical  proper- 
ties of  iron  and  steel,  they  evidently  were  not  interested  in  the 
corrosion  problem. 

Several  had  noticed  at  various  times  that  the  copper  steels  dis- 
solved much  more  slowly  in  acid  solutions,  but  did  not  proceed 
any  further  than  this  in  their  experiments. 

Williams'"  work  in  1900  was  the  first  to  point  out  the  beneficial 
effect  of  copper  in  steel  and  wrought  iron.  This  was  followed 
during  the  next  year  by  the  work  of  Stead  and  Wigham.^ 

Even  after  the  convincing  results  of  these  investigators  on  the 
effect  of  copper  in  steel  on  corrosion,  Cushman,  in  1905,  while 
studying  the  corrosion  of  wire  fences,  evidently  failed  to  determine 
the  copper  in  the  fence  w'ires,  though  it  now  appears  that  this  is 
the  most  important  element  in  iron  and  steel  as  affecting  the  corro- 
sion of  those  materials.  The  importance  of  copper  was  not  yet 
appreciated  and  the  problem  was  attacked  along  the  same  lines 
that  had  been  previously  used,  namely,  the  effect  of  the  five  ele- 
ments, carbon,  sulphur,  silicon,  phosphorus,  and  more  particularly 
manganese.  It  was  not  until  seven  years  later  that  the  beneficial 
effect  of  copper  was  recognized  by  the  iron  and  steel  industry. 

CORROSION  UNDER  TREES,  BUSHES,  GRASS,  ETC. 

The  writer's  observations  on  the  corrosion  of  galvanized  wire 
next  to  the  ground,  in  bushes,  etc.,  confirm  in  part  the  findings  of 
Cushman.  It  was  found  that  wherever  galvanized  wire  was  in 
contact  or  covered  with  weeds,  brush,  bushes,  under  trees,  or 
adjacent  to  the  points  where  stapled  to  trees  or  posts,  the  gal- 
vanizing was  found  to  be  much  more  durable  than  where  it  was 
in  the  open  and  subjected  to  the  wind  and  sunshine.  Some  wires 
that  evidently  had  been  in  service  from  20  to  25  years  were  found 
with  the  galvanizing  in  good  shape.  Even  where  sulphur  dioxide 
fumes  caused  rapid  corrosion,  this  protective  effect  was  observed. 

The  galvanizing,  when  found  intact  under  such  conditions,  was 
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usually  coated  with  a  hard  white  film,  probably  a  basic  carbonate 
of  zinc.  The  effect  of  this  salt  as  a  protective  agent,  and  the  con- 
ditions under  which  it  forms,  have  not  been  studied,  but  it  may 
have  an  important  bearing  on  the  corrosion  of  zinc. 

The  effect  of  sunlight  also  may  be  a  factor.  This  is  suggested 
by  Friend's"  work,  in  which  he  finds  that  sunlight  accelerates  the 
rusting  of  iron  in  the  presence  of  water. 

While  the  galvanizing  under  such  unfavorable  conditions  is 
much  more  durable  than  under  apparently  favorable  conditions, 
it  does  not  appear  that  iron  or  steel  shows  the  same  character- 
istics. Many  observations  have  been  made  on  woven  wire  fences 
that  have  been  erected  for  such  a  period  of  time  that  the  galvaniz- 
ing has  been  entirely  removed.  The  bottom  portion  of  the  fence 
which  has  been  in  contact  with  the  wet  grass  and  weeds  has  been 
badly  corroded,  while  the  upper  portion  is  in  much  better  condition. 
It  was  observed  that  the  steel  in  contact  with  the  grass  was  covered 
with  a  loose,  yellow  flaky  rust,  while  that  further  up  was  covered 
with  a  deep-red  adherent  rust. 

These  observations  cannot  be  considered  conclusive  and  more 
work  on  this  point  is  necessary.  In  many  places  the  burning  of 
the  dry  grass  has  caused  conditions  which  make  any  observations 
worthless. 

If  it  can  be  definitely  proved  that  iron  and  steel  corrode  at  an 
accelerated  rate  at  the  bottom  of  a  fence  or  in  brushes  and  weeds, 
and  that  the  galvanizing  is  much  more  durable  under  those  con- 
ditions, Cushman's  hypothesis,  that  the  corrosive  electrolytic  action 
is  diminished  by  keeping  the  wires  electrically  neutral  through 
frequent  connections  to  the  earth,  is  untenable. 

• 

SUMMARY. 

1.  It  has  been  definitely  established  that  the  durability  of  old 
steel  fence  wire  is  due  to  the  presence  of  copper. 

2.  Manganese  does  not  increase  the  corrosion  of  steel,  and  its 
absence  does  not  decrease  the  corrosion. 

3.  The  copper  in  the  early  steel  and  wrought  irons  came  from 
the  copper-bearing  ores  of  the  eastern  United  States  and  imported 
ores.  The  proportion  of  copper-steel  made  decreased  with  the 
increasing  importance  of  the  copper-free  Lake  Superior  ores. 
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4.  Steel  fence-wire  containing  copper  is  as  durable  as  wrought 
iron. 

5.  Present-day  steel  fence  wire  usually  does  not  contain  copper, 
and  therefore  corrodes  rapidly. 

6.  Under  ordinary  atmospheric  conditions  zinc  corrodes  more 
slowly  under  conditions  favoring  rapid  corrosion  of  iron,  and  vice 
versa,  iron  corrodes  more  slowly  under  conditions  favoring  rapid 
corrosion  of  zinc. 

7.  The  life  of  fence  wire  is  dependent  upon  the  quality  of  both 
the  galvanizing  and  iron  or  steel  base.  Since  the  galvanizing  is 
usually  thin,  the  life  of  the  fence  depends  principally  upon  the  iron 
or  steel  base,  which  should  be  highly  resistant  to  corrosion. 


The  writer  wishes  to  thank  the  Mineral  Point  Zinc  Company 
for  generously  allowing  him  to  publish  data  which  were  obtained 
for  them  in  determining  the  damage  done  to  fence  wire  by  sulphur 
oxide  fumes  in  the  vicinity  of  Mineral  Point,  Wisconsin. 

Since  the  completion  of  this  investigation  by  the  writer,  a  much 
more  complete  investigation  of  the  fence-wire  corrosion  problem 
involving  the  complete  analyses  of  a  much  larger  number  of  barbed 
wires  is  being  jointly  made  by  Mr.  D.  M.  Buck,  Metallurgical 
Engineer  of  the  American  Sheet  and  Tin  Plate  Company,  and  the 
writer.  The  results,  confirming  the  work  of  this  paper,  will  be 
published  at  an  early  date. 
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DISCUSSION. 


Frank  N.  SpEI,i.ER^  :  Ten  years  ago  a  research  of  this  char- 
acter would  have  had  a  much  broader  title.  I  congratulate  the 
author  on  confining  the  title  strictly  to  the  limits  of  the  class 
of  material  tested.  We  have  not  yet  learned  all  that  we  would 
like  to  know  about  the  mechanism  of  corrosion,  but  it  has  been 
well  established  beyond  question  that  conditions  of  service  have 
much  more  to  do  with  corrosion  than  the  material  itself,  and 
that  it  is  very  unsafe  to  generalize  from  any  particular  experience 
under  one  set  of  conditions.  This  is  mentioned  merely  in  a  cau- 
tionary manner,  for  I  expect  that  when  this  paper  gets  into  com- 
mercial circles  the  excellent  showing  which  copper-steel  has  made 
under  atmospheric  conditions  will  lead  some  who  are  not  well 
informed  to  hail  this  material  as  another  panacea  for  all  corro- 
sion troubles,  just  as  was  the  case  with  ingot  iron  and  wrought 
iron  not  very  long  ago. 

In  the  case  of  pipe  carrying  water,  for  example,  we  have  tried 
out  copper-steel  and  can  confirm  everything  the  author  says  in 
regard  to  that  material  so  far  as  the  outside  of  the  pipe  is  con- 
cerned when  exposed  to  atmospheric  conditions,  but  on  the  in- 
side the  water  seems  to  attack  copper-steel  as  rapidly  as  ordinary 
steel  without  copper.     Many  tests  have  been  made  in  service  in 
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the  same  lines  carrying  ordinary  steel  pipe,  copper-steel  and 
wrought  iron,  all  of  which  show  practically  the  same  results  after 
two  or  three  years'  service  with  respect  to  the  depth  of  the  pitting. 
While  the  conditions  are  nominally  the  same,  that  is,  the  pres- 
ence of  water  and  air,  in  one  case,  on  the  inside  of  pipe,  we  have 
a  relatively  large  proportion  of  water.  On  the  outside,  on  the 
other  hand,  we  have  the  reverse,  viz.,  a  large  proportion  of  oxy- 
gen and  a  very  small  amount  of  water.  The  oxygen  in  each  case 
is  the  depolarizing  agent,  and  the  proportion  present  seems  to 
govern  the  relative  rates  of  corrosion  of  these  materials. 

James  Aston^  :  I  wish  to  take  the  same  stand  as  Mr.  Speller, 
and  interject  a  word  of  caution  in  interpreting  this  paper. 

Aside  from  the  interesting  and  valuable  data  which  Mr.  Storey 
puts  forth,  the  paper  itself  points  to  the  complexity  of  the  cor- 
rosion problem,  because  of  the  many  factors  involved,  and  it  also 
points  to  the  strong  moral:  Don't  jump  at  conclusions.  I  do 
not  know  how  many  theories  have  been  expounded  and  false  con- 
clusions drawn  from  misinterpretation  of  data,  due  to  the  fact 
that  all  of  the  factors  have  not  been  taken  into  account. 

These  statements  are  intended  as  general  remarks,  and  have 
no  application  whatever  to  Mr.  Storey's  conclusions. 

Now,  aside  from  the  protective  coatings,  the  trend  in  the  pro- 
duction of  materials  to  withstand  corrosion  has  in  late  years 
come  down  to  three  different  types.  The  oldest  has  been  wrought 
iron.  For  a  long  time,  even  today  among  people  who  have  not 
made  a  study  of  the  problem,  wrought  iron  is  assumed  to  owe 
its  stability  to  the  purity  of  its  base.  My  own  work,  which  now 
deals  largely  with  that  material,  has  forced  me  to  the  belief  that 
while  the  purity  of  the  base  material  is  a  considerable  factor,  it 
is  after  all  the  secondary  factor,  especially  in  view  of  the  estab- 
lished fact  that  rust  once  formed  is  an  important  element  in  its 
progression. 

Wrought  iron  owes  its  resistance  to  the  physical  factor;  that 
is,  to  the  multitude  of  slag  barriers  which  are  an  integral  part  of 
well-made  puddled  iron. 

The  second  and  later  trend  in  the  development  of  materials 
was  the  pure  iron  made  by  open-hearth  methods,  the  slagless  metal 
with  a  pure  base.     While  this  is  a  big  step  forward,  it  after  all 
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touched  only  on  the  secondary  factor,  and  therefore  did  not  ac- 
complish the  desired  end. 

The  most  recent  development  is  by  using  alloying  materials. 

Unfortunately,  through  force  of  circumstances,  Mr.  Storey's 
paper  does  not  tell  us  the  comparative  value  of  pure  iron.  It 
does  tell  us,  however,  that  both  wrought  iron  and  copper-bear- 
ing materials  have  fulfilled  their  function ;  that  is,  they  have  a 
good  measure  of  stability.  In  this  connection  I  wish  to  take  ex- 
ception to  one  of  Mr.  Storey's  statements,  where  he  said  that 
without  exception  those  wires  which  withstood  corrosion  were 
copper-bearing;  and  those  which  did  not,  were  not  copper-bear- 
ing. He  cites  only  a  few  cases  where  wrought  iron  was  found, 
but  it  invariably  resisted  corrosion  and  was  free  from  copper. 

Mr.  Storey  deals  with  fence  wire.  That  is,  he  deals  with  a 
special  commodity  under  a  special  condition  of  service.  If  we 
accept  the  electrolytic  theory  of  corrosion,  we  are  concerned  with 
not  only  the  electrodes,  which  is  the  material  itself,  but  also  with 
the  electrolyte,  consisting  of  moisture,  and  the  depolarizer  which 
is  the  oxygen  of  the  atmosphere.  The  last  two  factors  may  be- 
come of  even  greater  importance  than  the  electrodes,  the  material 
itself. 

Take  a  general  condition :  Materials  exposed  to  the  atmosphere 
have  an  abundance  of  oxygen  and  a  paucity  of  the  electrolyte. 
On  the  other  hand,  pipes  and  tubes  usually  have  an  abundance  of 
electrolyte  and  a  relative  scarcity  of  depolarizer.  So  we  must 
be  very  cautious,  considering  that  material  and  two  other  factors 
are  involved,  we  must  be  cautious  in  drawing  conclusions  not 
to  say  that  the  conditions  apply  to  other  conditions  of  service. 
And  we  cannot  say  then  that  any  one  of  these  three  methods  for 
the  production  of  corrosion-resistant  materials  is  necessarily  the 
right  means  to  every  end. 

D.  M.  BucK^ :  I  am  quite  sure  that  Mr.  Storey  did  not  intend 
to  ask  you  gentlemen  to  believe  that  copper-steel  is  a  panacea  for 
all  ills.  He  has  collected  a  large  amount  of  very  valuable  data, 
which  proves  the  remarkable  influence  of  a  small  copper  content 
on  the  corrosion  rate  of  fence  wire.  Mr.  Storey  wrote  me  sev- 
eral weeks  ago  telling  of  the  information  he  had  obtained,  and 
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since  these  results  corroborated  work  which  I  have  done  during 
the  past  seven  or  eight  years,  I  went  out  to  Wisconsin  and  col- 
lected a  large  number  of  samples  of  fence  wire  from  the  locality 
mentioned  in  Mr.  Storey's  paper.  I  have  analyzed  these  wires 
complete,  including  copper,  and  I  have  with  me  thirty  or  forty 
such  samples  to  which  I  have  attached  tags,  showing  the  com- 
plete analysis. 

I  am  entirely  in  accord  with  Mr.  Storey's  conclusions,  since 
my  own  work  had  demonstrated  to  me  that,  contrary  to  opinions 
expressed  by  Dr.  Cushman  in  his  pamphlet  on  fence  wire,  man- 
ganese does  not  harmfully  influence  steel  from  a  corrosion  stand- 
point. I  am  also  firmly  convinced  of  the  beneficial  effects  of  the 
introduction  of  a  small  percentage  of  copper. 

Mr.  Storey  has  mentioned  the  influence  of  the  rust  film  on  the 
corroded  wire.  The  peculiarity  about  copper-steel  is  that,  after 
approximately  12  months'  exposure,  rusting  action,  due  to  the 
formation  of  the  protective  film,  nearly  if  not  completely  stops. 
I  have  demonstrated  this  fact  by  observations  on  many  full-size 
corrugated  sheets,  and  also  by  weight,  by  exposing  large  numbers 
of  small  test  pieces  and  taking  down  and  reweighing  at  regular 
intervals  a  certain  number  of  each  grade.  Normal  steel  continues 
to  lose  weight  until  complete  destruction,  the  corrosion  rate  rather 
increasing  toward  the  end  of  the  period ;  whereas  in  the  case  of 
copper-steels  after  ten  or  twelve  months'  exposure,  corrosion 
practically  ceases,  a  dense  almost  vitreous  coating  being  formed 
on  the  surface. 

President  C.  G.  Fink*:  Mr.  Buck  submitted  to  us  some  time 
ago  copper-steel  sheets.  These  were  put  through  various  tests 
and  compared  with  other  steel  sheets.  Mr.  Buck's  withstood  all 
conditions  except  those  which  prevail  on  the  Atlantic  and  Pacific 
coasts.  Exposed  to  a  seacoast  atmosphere,  copper-steel  did  not 
stand  up.  It  would  be  wrong,  however,  to  conclude  that  copper- 
steel  was  "no  good"  because  it  did  not  stand  up  under  these  severe 
conditions.  I  am  interested  in  hearing  whether  any  experiments 
have  been  made  along  the  line  of  getting  a  copper-steel  which  will 
withstand  not  only  inland  weather  conditions  but  seacoast  con- 
ditions as  well,  especially  where  considerable  amounts  of  sodium 
chloride  deposit  on  the  steel. 
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D.  M.  Buck  :  Answering  Mr.  Fink's  question,  I  have  made 
corrosion  experiments  in  the  salt  air  of  the  Atlantic  Coast,  and 
also  by  complete  immersions  in  salt  brine.  In  the  latter  case  I 
find  that  all  materials  show  a  rather  rapid  corrosion  rate,  and 
that  the  differences  are  not  as  great  as  in  atmospheric  conditions. 

However,  from  a  series  of  tests  including  several  hundred 
sheets  of  various  grades  of  material,  exposed  to  the  atmosphere 
of  Atlantic  City,  I  find  approximately  the  same  advantage  for 
copper-steel  over  other  materials  as  has  been  found  in  other  dis- 
tricts. General  corrosion  on  all  grades  is  greater  in  salt  air  than 
in  pure  air  and  less  than  in  the  atmosphere  of  a  mill  district. 

President  C.  G.  Fink:  My  tests  on  the  effect  of  sea  atmos- 
phere were  more  severe  than  yours,  because  I  kept  bright  copper 
sheet  in  contact  with  the  steel  sheet. 

J.  W.  Richards'  :  I  have  not  the  results  of  any  experiments 
to  record,  but  I  wish  to  call  attention  to  the  fact  that  the  barbed 
wire  shown  offers  favorable  conditions  for  local  electrolysis,  in- 
asmuch as  the  two  wires  are  twisted  together  and  would  there- 
fore hold  moisture  between  them,  and  so  give  the  best  conditions 
for  electrolytic  corrosion.  If  there  is  the  slightest  chemical  or 
physical  difference  between  the  strands  which  are  twisted  to- 
gether, the  moisture  between  gives  maximum  conditions  for  cor- 
rosion taking  place.  A  straight  wire,  untwisted,  would  probably 
not  corrode  at  the  same  rate  as  these  twisted  wires,  and  the  re- 
sults could  not  be  transferred  to  the  corrosion  of  sheet.  If  my 
remarks  are  correct,  the  results  apply  only  to  the  twisted  wire, 
and  not  to  straight  wire  or  sheet. 

O.  W.  Storey  {Communicated)  :  The  misinterpretation  of  data, 
which  often  were  incomplete,  and  the  application  of  the  results 
of  a  single  series  of  corrosion  tests  when  made  under  a  single 
set  of  conditions  to  the  entire  range  of  conditions  has  been  the 
cause  of  many  misunderstandings  and  bitter  controversies  during 
the  past  ten  years.  With  this  in  mind,  the  conclusions  reached 
in  this  paper  were  confined  to  the  corrosion  of  fence  wire  and 
similar  materials  under  atmospheric  conditions. 

I  do  not  find  any  statement  in  my  paper  such  as  that  to  which 
Mr.  Aston  objects.    On  the  contrary,  I  have  been  careful  to  point 
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out  that  without  exception  those  steel  wires  which  withstood 
corrosion  were  copper-bearing;  and  I  also  called  attention  to  the 
fact  that  the  wrought-iron  wires,  though  practically  free  from 
copper,  were  also  highly  resistant  to  corrosion. 

The  work  of  Mr.  Buck  shows  the  importance  of  the  protective 
rust-film  on  copper-bearing  steels.  Mr.  Buck  has  kindly  shown 
me  some  of  these  corrugated  sheets  which  he  mentions.  The 
rust  on  the  copper-bearing  steel  was  hard  and  vitreous  Hke  a 
hard  baked  enamel,  while  that  on  the  ordinary  steel  was  flaky 
and  easily  removed. 

Professor  Richards  states  that  the  results  of  this  paper  should 
he  applied  only  to  twisted  wires  because  of  the  electrolytic  cor- 
rosion which  he  believes  takes  place.  This  objection  is  fully  an- 
swered in  the  paragraph  at  the  bottom  of  page  213. 

The  President  states  that  in  his  corrosion  tests  of  copper-steel 
in  a  sea  atmosphere,  he  kept  a  bright  copper  sheet  in  contact  with 
the  steel  sheet.  This  condition,  of  course,  results  in  an  accel- 
erated test  that  cannot  be  compared  to  the  ordinary  corrosion  tests. 


A  paper  presented  at  the  Thirty-second  Gen- 
eral Meeting  of  the  American  Electro- 
chemical Society,  in  Pittsburgh,  October  5, 
1917,  President  C.   G.  Fink   in   the   Chair. 


ELECTROLYTIC  ZINC  EXTRACTION  AT  TRAIL,  B.  C. 

By  E.  H.  Hamilton.* 

[Abstract.] 

The  composition  of  the  ore  treated  is  given,  the  crushing  anal- 
ysis, details  of  the  roasting  operation,  including  temperatures  on 
the  various  hearths,  the  leaching  in  "Pachucas,"  neutral  classifiers 
and  Dorr  thickeners,  purification  of  electrolyte  before  electrolysis^ 
construction  of  electrolytic  tanks,  details  of  the  electrolysis,  and 
analysis  of  the  zinc  produced. 


At  the  Trail,  B.  C,  plant  of  the  Canadian  Mining  &  Smelting" 
Co.,  the  zinc  plant  started  operating  in  April,  1916.  The  ore  on 
which  the  plant  principally  depends  comes  from  the  Sullivan; 
mine  and  the  portion  assigned  to  the  zinc  plant  has  an  approxi- 
mate analysis  of : 

Lead 14    percent 

Iron 23  to  31  " 

Insoluble 4  "  1 

Alumina 3  " 

Lime 2  " 

Magnesia 2  " 

Sulphur 24  to  29  " 

Zinc 19  to  24  " 

Cadmium 0.04       " 

( 1 )  The  ore  is  crushed  in  tube  mills  to  about  the  following  size : 

+  48 3  percent 

-flOO 10 

+150 3 

+200 12 

—200 72 

100 

(2)  The  ore  is  then  roasted  in  Wedge  roasters  having  7  floors 
and  diameter  of  26  ft.  (8  m.),  with  two  arms  to  the  floor  and  re- 
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volving  once  in  4  minutes.  Forty  tons  are  roasted  per  day  from 
25  percent  down  to  5  percent  sulphur.  The  temperature  of  the 
hearths  is  approximately : 

1st  floor 

2nd  "  950°  F.  (510°  C.) 

3rd  "  1,000°  F.  (538°  C.) 

4th  "  1,100°  F.  (593°  C.) 

5th  "  1,100°  F.  (593°  C.) 

6th  "  1.050'  F.  (566°  C.) 

7th  "  

(3)  The  calcine  is  then  treated  with  partly  neutralized  spent 
electrolyte  in  a  series  of  "Neutral  Pachucas"  (or  Brown  tanks) 
until  the  solution  is  quite  neutral.  The  overflow  goes  to  Dorr 
classifiers. 

(4)  The  sand  (mostly  over  100  mesh)  is  removed  in  Dorr 
classifiers. 

(5)  The  neutralized  overflow  from  the  "Neutral  Classifiers"  is 
then  transferred  to  a  series  of  "Neutral  Dorr  Thickeners,"  where 
it  is  treated  by  counter-current  system.  (For  overflow  see  7.) 
The  last  underflow  from  the  "Neutral  Thickeners"  is  then  treated 
with  the  sands  in  a  series  of  "Acid  Pachucas,"  which  deliver 
overflow  to  acid  thickeners,  the  pulp  running  counter-current  to 
spent  electrolyte  from  the  tank  room. 

(6)  The  underflow  from  the  last  acid  thickener  is  w^ashed  with 
water  and  is  then  pumped  to  the  slime  pond.  The  last  overflow 
is  delivered  to  the  series  of  "Neutral  Pachucas"  (see  3,  above). 

(7)  The  overflow  from  the  "Neutral  Dorr  Thickeners"  is  trans- 
ferred to  and  passed  through  a  series  of  three  "Precipitating  Pa- 
chuca"  tanks,  where  it  is  agitated  with  atomized  zinc  to  precipi- 
tate the  copper  and  cadmium. 

(8)  The  crude  electrolyte  is  then  filtered  and  delivered  to  tanks 
which  supply  the  electrolytic  tank  room. 

The  electrolytic  tanks  are  made  of  concrete,  lined  with  asphalt, 
and  are  in  cascades  of  eight  tanks  in  series.  Each  tank  is  82  in. 
(2.14  m.)  long  by  27  in.  (90  cm.)  wide  and  42  in.  (107  cm.)  deep. 
Each  tank  has  17  lead  anodes  and  16  aluminum  cathodes,  the 
cathodes  have  an  area  of  10  sq.  ft.  (0.9  sq.  m.)  and  the  anodes 
9  sq.  ft.  (0.8  sq.  m.).  The  current  density  is  24  A.  per  sq.  ft. 
(265  per  sq.  m.),  the  voltage  across  the  tanks  is  about  3^4,  the 
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electrolyte  contains  about  7.5  percent  zinc,  0.014  percent  iron, 
0.003  to  0.008  percent  cadmium,  0.0003  percent  copper,  and  some- 
times manganese,  lime,  magnesia,  and  other  impurities  coming  into 
the  solution  from  the  ore.  Everything  in  the  electrolyte  comes 
from  the  ore.  The  sulphuric  acid  is  made  in  the  plant  from  ore 
from  the  Sullivan  mine.  The  average  spent  electrolyte  from  the 
electrolytic  tanks  is  about  3  to  5  percent  zinc,  0.013  percent  iron, 
5  to  7  percent  free  sulphuric  acid. 

The  temperature  of  the  solution  in  the  tanks  varies  from  30 
to  45°  C. 

The  cathode  zinc  is  stripped  from  the  aluminum  cathodes  and  is 
melted  in  a  reverberatory  furnace.  The  production  is  about  50 
tons  per  day.  The  bars  weigh  50  lb.  (23  kg.),  and  have  an  anal- 
ysis of  about — 

Zinc    99.92  percent 

Lead  0.03 

Cadmium   0.040      " 

Iron    0.007      " 

Copper    0.002      " 

The  vi^hole  system  is  continuous,  and  in  the  leaching  depart- 
ment by  continuous  counter-current. 

Trail,  B.  C, 
Sept.  24,  1917. 
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THE  FUTURE  OF  ELECTROLYTIC  ZINC 

By  Thomas  French.' 

[Abstract.] 

A  discussion  of  the  comparative  merits  of  the  retort  process 
and  the  electrolytic  process  of  extracting  zinc  from  its  ores,  par- 
ticularly considering  the  cases  of  concentrates  and  of  lead-bearing 
zinc  ores.  The  conditions  for  satisfactory  roasting  preliminary 
to  leaching  are  considered,  the  leaching  process,  and  the  condi- 
tions for  depositing  pure  zinc,  as  determined  by  the  purity  of  the 
electrolyte.  Detailed  costs  of  the  electrolytic  process  are  given, 
as  compared  with  the  retort  process  treating  the  same  ore,  show- 
ing that  the  former  method  has  a  good  prospect  of  ultimately 
superseding  the  latter. 


In  the  last  two  years  a  large  quantity  of  high-grade  electro- 
lytic zinc  has  been  produced  in  the  United  States  and  Canada, 
and  at  the  present  time  many  other  plants  are  projected.  In  view 
of  this  rapid  progress  the  question  has  often  been  asked :  "Will 
the  older  retort  process  of  smelting  be  superseded  by  the  electro- 
lytic deposition  of  zinc?" 

The  reply  to  this  question  is  generally  given  in  an  unqualified 
negative,  apparently  justified  by  the  rather  unsatisfactory  re- 
coveries of  zinc  obtained  by  those  who  have  adopted  the  electro- 
lytic process.  The  poor  recovery  is  attributed  mainly  to  the  dififi- 
culty  of  roasting  the  ore  without  the  formation  of  ferrate  of  zinc, 
which  is  very  difficult  to  dissolve  in  the  acid  effluent  from  the 
electrolytic  vats,  but  also  to  the  difficulty  in  dealing  with  the  filtra- 
tion of  slimy  acid  and  neutral  solutions. 

•  Manager,   French   Comnlex   Ore   Reduction   Co.,    Nelson,    B.    C,    Canada.      (Manu- 
script received  Sept.  22,   1917.) 
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We  hear  of  great  variations  in  the  amount  of  zinc  that  can  be 
dissolved  from  the  roasted  ore.  Sometimes  a  90  percent  extrac- 
tion of  the  zinc  in  the  ore  is  obtained,  and  at  other  times  only- 
half,  or  even  less  than  that  amount,  from  the  same  ore.  The 
average  recovery  of  zinc  appears  to  be  less  than  70  percent  by 
most  of  those  engaged  in  the  manufacture  of  electrolytic  zinc 
from  ores  or  concentrates  containing  about  40  percent  of  zinc. 

If  an  extraction  of  90  percent  of  the  zinc  can  at  times  be 
obtained,  and  at  other  times  can  not  be  obtained  from  the  same 
ore,  then  assuredly,  sooner  or  later,  the  reason  for  the  disparity 
will  be  found.  That  being  so,  and  taking  into  consideration  sev- 
eral weighty  factors  favoring  the  electrolytic  process  for  the  re- 
duction of  zinc  from  its  ores,  there  is  more  than  a  strong  proba- 
bility that  the  retort  process  for  the  reduction  of  zinc  is  doomed 
in  the  near  future. 

In  forming  this  opinion,  one  of  the  chief  considerations  is : 
That  electrolytic  zinc  is  being  produced  either  by  lead  or  copper 
manufacturers,  and  may  be  considered  to  be  a  by-product.  It 
is  true  that  some  of  these  manufacturers  are  treating  custom 
ores,  but  this  is  only  to  take  advantage  of  the  very  profitable 
price  of  zinc  which  has  ruled  for  some  time,  and  to  fulfil  large 
contracts.  The  primary  reason  for  the  erection  of  these  electro- 
lytic plants  was  to  extract  from  their  own  ores  the  zinc  which 
had  previously  either  been  wasted  or  not  worked  at  all. 

In  the  case  of  the  lead  smelter,  especially  those  whose  ores  con- 
tain much  zinc,  it  is  imperative  that  the  zinc  should  be  extracted, 
in  order  that  the  lead  may  be  profitably  smelted.  Before  long  a 
modern  lead  smeltery  will  not  be  considered  complete  without 
the  adjunct  of  an  electrolytic  zinc-reduction  plant,  if  it  is  within 
reach  of  electric  power  at  a  reasonable  rate.  The  competition  of 
this  by-product  zinc  will  itself  seriously  affect  the  output  of  the 
retort  smelters. 

With  proper  adjustment  of  the  roasting  furnace  conditions,  it 
it  not  a  difficult  matter  to  obtain  extractions  of  90  percent  of  zinc 
from  ores  containing  15  to  25  percent  zinc,  and  in  the  latter 
case  with  as  much  as  25  percent  of  iron.  As  far  as  the  author's 
experience  goes,  furnaces  of  the  Wedge  and  HerreshofT  type  are 
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admirably  adapted  to  the  roasting  of  this  class  of  ore.  A  large 
Wedge  furnace,  with  7  hearths  and  a  diameter  of  22  ft.  6  in.  (6.8 
m.)  is  capable  of  roasting  about  1^  tons  of  this  ore  per  hour, 
with  unskilled  labor,  and  gives  a  more  satisfactory  product  than 
the  smaller  hand-rabbled  furnaces.  After  roasting  zinc  concen- 
trates containing  45  percent  of  zinc  there  is  little  difficulty  in  ex- 
tracting as  much  as  95  to  97  percent  of  the  zinc. 

The  successful  electrolysis  of  zinc  from  sulphate  solutions  has 
not  been  an  easy  matter,  and  it  is  only  within  recent  years  that 
the  difficult  problem  of  depositing  high-grade  zinc  has  been  satis- 
factorily accomplished  on  a  commercial  scale.  The  principal 
requisite  is  that  the  electrolyte  shall  be  quite  free  from  certain 
impurities.  The  methods  by  which  freedom  from  these  impuri- 
ties is  assured  are  now  very  well  understood,  and  with  experienced 
superintendents  there  is  little  difficulty  in  obtaining  a  high  effi- 
ciency in  that  part  of  the  process. 

When  certain  underlying  principles  are  recognized,  the  diffi- 
culty encountered  in  dealing  with  the  filtration  of  the  acid  and 
slimy  solutions  also  largely  disappears,  although  it  has  been  a 
very  serious  one  to  the  uninitiated.  In  the  dissolving  of  the  zinc 
from  the  roasted  ore  there  is  nothing  which  any  competent  chemi- 
cal engineer  can  not  undertake,  and  any  other  operations  con- 
nected with  the  electrolytic  process  are  either  of  little  or  no  diffi- 
culty, or  are  common  to  the  retort  process. 

In  comparing  the  two  processes,  I  do  not  think  there  is  any 
more  experience  required  in  the  electrolytic  process  than  in  retort 
smelting,  and  I  shall  not  be  surprised  if  within  the  next  year  or 
two  the  electrolytic  is  preferred  as  the  simpler  of  the  two.  It  is 
certain  that,  with  the  exception  of  the  care  of  the  electrical  ma- 
chinery, the  commonest  unskilled  labor  only  is  required  to  pro- 
duce electrolytic  zinc,  whereas  the  retort  process  requires  not 
only  many  physically  strong,  but  also  very  skilled  and  highly  paid 
men.  The  amount  of  labor  necessary  in  the  electrolytic  process 
is,  however,  greater  than  that  required  in  retort  smelting,  and 
also,  as  a  general  rule,  the  current  to  produce  a  ton  of  zinc  costs 
much  more  than  the  gas  or  fuel  to  produce  a  ton  of  spelter. 
The  electrolytic  is  as  much  dependent  on  cheap  power  as  the  retort 
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process  is  on  cheap  fuel.  The  operation  of  roasting  in  Wedge 
furnaces  is,  however,  less  costly  than  that  in  the  special  furnaces 
used  for  roasting  the  ore  for  retorting,  in  which  nearly  all  the 
sulphur  must  be  eliminated.  The  labor  and  power  costs  are  in 
favor  of  the  retort  process. 

The  following  costs  for  the  treatment  of  run  of  mine  ore  of 
a  complex  nature  are  based  on  zinc  at  5  cents  per  lb.  St.  Louis ; 
lead  at  5  cents  per  lb. ;  and  silver  at  60  cents  per  oz.  Eighty-eight 
percent  recovery  of  zinc  is  assumed  to  be  made.  A  typical  com- 
position of  such  an  ore  may  be  taken  as  zinc  30  percent,  lead  15 
percent,  and  silver  12  oz.  per  ton.  The  average  amount  of  cur- 
rent required  to  deposit  a  ton  of  zinc  is  less  than  3,000  K.W.H., 
measured  at  the  vats,  when  the  process  is  well  conducted  and  the 
solutions  are  pure  and  in  good  condition.  To  this  must  be  added 
the  ordinary  motor,  generator  and  other  losses,  and  also  the  cur- 
rent incidental  to  the  operating  of  the  factory.  Four  thousand 
K.W.H.  have  therefore  been  allowed  per  ton  of  zinc  produced, 
although  this  amount  is  more  than  is  necessary  in  practice. 

Ninety-five  tons  of  ore  produce  25  tons  of  zinc. 

Per  Ton  Per  L,b. 

Zinc  Zinc 

100,000  K.W.H.  @  \i  cent $250.00  $10.00  0.50  cent 

Labor  @  $3.00,  and  management 310.00  12.40  0.62      " 

Fuel  and  supplies   60.00  2.40  0.12      " 

Roasting,  including  labor  and  fuel 120.00  4.80  0.24      " 

Insurance,  maintenance  and  depreciation  250.00  10.00  0.50 

$990.00  $39.60  1.98      " 

Freight  on  the  zinc  naturally  depends  on  the  location  of  the 
electrolytic  plant,  and  as  this  may  be  situated  in  a  position  dififi- 
cult  of  access,  we  shall  allow  the  ample  average  sum  of  $15.00 
per  ton  of  zinc: 

Per  Ton  Per  Lb. 

Zinc  Zinc 

Costs  as  above $  990.00         $  39.60  1.98  cent 

Freight  on  zinc 375.00  15.00  0.75      " 

$1,365.00  $  54.60  2.73      " 

Balance,  cost  of  ore  and  profit  on  zinc 
alone    1,135.00  45.40  2.27     " 

25  tons  zinc  @  5  cents $2,500.00  $100.00  5.00      " 
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In  the  case  of  an  ore  with  the  same  content  of  lead  and  silver, 
but  with  25  percent  zinc,  the  cost  ©f  production  would  be  in- 
creased to  the  extent  of  0.05  cent  per  lb.  of  zinc.  Complex  ores 
of  this  composition  are  very  plentiful,  and  are  of  no  value  unless 
treated  in  conjunction  with  the  electrolytic  process,  for  it  is  im- 
possible to  recover  the  lead  and  silver  by  smelting  unless  the  zinc 
is  partially  removed.  After  the  sulphur  has  been  nearly  elimi- 
nated by  roasting,  and  the  zinc  has  been  extracted,  the  residue 
has  only  about  one-half  the  original  weight,  and  the  percentage 
content  of  lead  and  silver  is  doubled.  The  zinc  that  has  been 
recovered  not  only  pays  for  the  cost  of  the  ore  but  leaves  a  con- 
siderable profit,  and  the  lead  smelter  has  now  a  desirable  smelting 
product,  containing  nearly  30  percent  lead  and  24  oz.  of  silver  per 
ton,  which  costs  him  nothing,  as  its  cost  has  been  charged  to 
the  zinc. 

Smelting  48  tons   residue,  containing  30  percent  lead  and 

1,140  oz.  silver,  («  $5.00 $   240.00 

Freight  on  13  tons  lead  and  silver  @  $10.00 130.00 

$   370.00 

12.65  tons  lead  @  5  cents $1,265.00 

1,083  oz.  silver  @  60  cents 649.80 

$1,914.80 

Deduct  smelting  and  freight 370.00 

Profit  on  lead  and  silver '. $1,544.80 

No  allowance  is  made  for  the  recovery  of  vitriol,  as  it  is  com- 
mon to  both  processes. 

Just  as  soon  as  the  lead  or  copper  smelter  recognizes  that  a 
good  extraction  of  zinc  can  be  made  from  his  zinc-lead  or  copper 
ores,  we  may  expect  him  to  erect  an  electrolytic  zinc  plant  as  an 
adjunct  to  his  smelter,  even  though  the  price  of  zinc  should  fall 
so  low  that  he  can  make  no  direct  profit  from  the  zinc,  provided, 
of  course,  that  he  is  favorably  situated  with  regard  to  cheap  power. 

There  is  another  aspect  of  the  question  that  has  not  yet  received 
sufficient  attention,  which  will  have  the  effect  of  turning  the  bal- 
ance in  favor  of  the  electrolytic  process,  should  it  be  found  that 
the  retort  process  is  still  able  to  hold  its  own.  In  the  electrolytic 
process  the  presence  of  manganese,  in  at  least  a  stnall  quantity. 
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is  an  essential.  Its  principal  function  is  to  prevent  sulphating" 
or  destruction  of  the  anodes  in  the  electrolytic  vats,  but  it  has- 
also  other  valuable  properties,  chiefly  in  purifying  the  electro- 
lyte. A  large  part  of  the  manganese  is  deposited  at  the  anode  as 
hydrated  manganese  dioxide,  concurrently  with  the  deposition  of 
zinc  on  the  cathode.  When  the  zinc  ore  contains  much  manganese, 
which  is  very  frequently  the  case,  the  manganese  dioxide  recov- 
ered forms  a  very  valuable  by-product.  No  extra  current,  or 
rather,  as  far  as  the  author's  measurements  have  gone,  only  a 
negligible  extra  quantity  of  current  is  required  to  deposit  the 
manganese.  Unfortunately,  the  particular  kind  of  roasting  which 
is  necessary  to  make  the  zinc  soluble  is  not  that  which  is  most 
suited  to  the  best  recovery  of  manganese,  and  therefore,  when 
manganese  is  present  in  a  zinc  ore  only  part  of  it  becomes  soluble. 
There  is  no  reason,  however,  why  low-grade  manganese  ores 
should  not  be  treated  in  a  special  furnace,  and  the  solution  ob- 
tained by  leaching  added  to  the  electrolyte,  and  recovered  as  man- 
ganese dioxide  in  the  electrolytic  vats.  The  manganese  dioxide  is 
particularly  well  suited  for  use  in  dry  batteries,  quite  apart  from 
the  demand  that  exists  for  manganese  in  the  steel  industry.  A 
small  quantity  of  the  manganese  dioxide  deposited  is  used  for  the 
regeneration  of  manganese  sulphate  or  sulphuric  acid.  The  solu- 
tion of  the  zinc  in  the  roasted  ore  may  be  conducted  in  such  a 
way  that  there  is  very  little  or  no  loss  of  acid  through  the  pre- 
cipitation of  basic  sulphate  of  iron,  but  generally  the  iron  and 
lead  deplete  the  solution  of  more  sulphate  than  the  sulphate  of 
zinc  (of  which  there  is  usually  a  small  quantity  in  the  roasted  ore) 
furnishes.  Sulphurous  acid  from  the  roaster  is  brought  into  con- 
tact with  the  manganese  dioxide,  and  manganese  sulphate  is 
formed,  from  which  d'oxide  is  deposited  in  the  electrolytic  vats, 
and  the  sulphuric  acid  with  which  it  was  combined  is  in  this 
way  added  to  the  circuit. 

There  is  still  further  evidence  that  may  be  adduced  in  favor  of 
the  future  supremacy  of  the  electrolytic  process.  It  is  well  known 
that  with  5-cent  spelter  in  pre-war  times,  it  was  impossible  for 
all  except  the  most  favorably  situated  retort  smelters  to  make  an 
adequate  profit.     The  sulphuric  acid  recovered  by  some  of  the 
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smelters  enabled  them  to  tide  over  the  bad  times,  until  the  sur- 
plus stock  of  spelter  had  been  disposed  of.  At  that  time  it  was 
very  difficult  to  obtain  zinc  concentrates,  for  at  the  price  of  $40.00 
per  ton  of  60  percent  concentrates,  the  miner  could  not  make 
sufficient  profit.  So  many  mines  were  shut  down  at  that  time 
that  various  writers  attributed  the  cause  to  actual  depletion  of 
ore  in  the  mines.  It  has  since  that  time  been  proved  that  the  real 
reason  was  that  it  was  unprofitable  to  work  at  the  prevailing^ 
prices.  In  Canada,  and  especially  in  British  Columbia,  there  are 
vast  quantities  of  .complex  ores  and  silver-zinc-lead  ores,  which 
it  has  not  been  possible  hitherto  to  concentrate  to  much  above 
45  percent.  The  retort  process  in  Canada  is  impossible  on  account 
of  the  small  supply  of  ore  of  sufficiently  high  grade.  The  con- 
centrates are  very  impure,  and  therefore  do  not  command  a  high 
price.  These  concentrates  are,  however,  very  easily  treated  by 
the  electrolytic  process.  It  is  imperative  that  the  British  Columbia 
miner  shall  concentrate  his  ore  in  order  to  separate  the  valuable 
silver-lead  contents  ;  the  zinc  concentrates  are  merely  a  by-product. 
The  latter  generally  carry  a  considerable  quantity  of  silver,  of 
which  65  to  70  percent  is  paid  for  by  the  United  States  smelters, 
after  first  deducting  6  oz.  The  price  paid  for  the  zinc  is  generally 
based  on  5-cent  zinc,  $17.00  to  $18.00  per  ton  being  given  for 
40  percent  concentrates.  After  deducting  duty,  penalties  and 
freight  to  the  nearest  United  States  zinc  smelter,  the  Kootenay 
miner  receives  only  $5.00  to  $7.00  per  ton  for  his  zinc  concen- 
trates. An  electrolytic  plant  using  these  concentrates  will  prove 
to  be  a  very  serious  competitor  to  the  zinc  smelter  who  can  treat 
only  high-grade  concentrates.  Even  though  he  were  able  to  treat 
40  percent  concentrates  as  profitably  as  60  percent,  the  Missouri 
miner  could  not  supply  his  40  percent  concentrates  to  the  smelter 
at  much  under  $27.00  per  ton.  The  electrolytic  plant  would  thus 
have  an  advantage  of  about  $20.00  per  ton  in  the  cost  of  ore, 
which  much  more  than  compensates  for  the  higher  cost  of  pro- 
duction in  that  process. 

It  must  not  be  forgotten  that  when  zinc-lead  ore  occurs  in 
veins,  it  must  be  concentrated  in  order  to  separate  the  more  valu- 
able lead  contents,  whether  the  miner  is  able  to  dispose  of  his  zinc 
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concentrates  or  not.     Many  of  them  actually  run  the  zinc  down 
the  creeks  because  there  is  no  market  for  it. 

There  are,  of  course,  the  considerations  of  cheap  electric  power, 
the  improvement  in  flotation  methods  of  concentration,  distance 
from  markets,  and  many  others,  which  attect  the  future  of  these 
rival  processes,  but  I  think  it  must  be  conceded  that  it  is  at  least 
very  doubtful  whether  or  not  the  retort  process  will  be  able  to 
survive  the  competition  of  the  electrolytic  process  within  a  few 
years. 


DISCUSSION, 


Mr.  ^ :    The  author  very  carefully  avoids  stating  the 

particular  impurities  which  cause  trouble  in  the  deposition  of  zinc. 
This  factor  has  a  very  large  bearing  upon  the  type  of  ore  suitable 
for  electrolytic  treatment.  The  more  electro-negative  elements 
like  copper,  iron  and  nickel  cause  serious  disturbances  on  the 
cathode  plate  if  there  is  the  least  bad  contact.  Copper  is  the  worst 
offender,  but  both  it  and  iron  are  easily  removed  from  solution, 
whereas  the  removal  of  nickel  is  a  costly  complex  chemical  engi- 
neering problem.  For  this  reason  ores  containing  nickel  even  to 
a  small  fraction  of  one  percent  will  probably  be  unavailable  for 
electrolytic  treatment,  at  least  with  our  present  knowledge. 

The  estimate  given  for  power  is  very  conservative.  If  the  pro- 
cess is  to  be  used  in  places  of  higher  power  cost  than  that  figured 
by  the  author  ($21.90  Tv.  W.  year)  a  lower  power  consumption 
than  4,000  K.  W.  hours  per  ton  must  be  regularly  made.  Thirty- 
five  hvmdred  K.  W.  hours  per  ton  at  the  2,200  v.  primary  should 
be  a  maximum.  In  the  upper  section  of  the  cascade  100  percent 
current  efficiency  is  easily  made  in  running,  while  an  average  of 
92  percent  over  12-16  tanks  is  easily  possible. 

*  Name  of  discusser  could  not  be  ascertained. 
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AN  IMPROVED  ELECTRO-ANALYSIS  APPARATUS 

By  J.  h.  Jones;* 

[Abstract.] 

Description  of  a  six-  and  a  ten-unit  electrically-stirred  electro- 
lytic apparatus  for  quantitative  chemical-  determinations,  particu- 
larly for  use  on  analysis  of  non-ferrous  alloys.  The  electrodes 
and  beakers  are  fixed ;  stirring  is  done  by  revolving  tungsten  rods. 
Each  analysis  receives  its  own  current,  graded  by  a  rheostat  from 
0.5  to  6  amperes.  A  switch  and  push-button  at  each  beaker  enable 
the  amperage  and  voltage  to  be  determined  at  any  time. 


In  the  chemical  laboratories  of  many  of  the  larger  manufac- 
turing establishments,  the  volume  of  non-ferrous  work  is  so  great 
that  the  types  of  electro-analysis  apparatus,  supplied  by  the  dealers 
in  chemical  supplies,  do  not  prove  adequate. 

The  apparatus  which  forms  the  subject  of  this  paper  has  been 
in  use  in  the  laboratory  of  the  Westinghouse  Electric  and  Manu- 
facturing Company  for  about  two  years.  There  were  incor- 
porated in  its  design  the  good  points  of  the  apparatus  previously 
in  use  in  our  laboratory  as  well  as  those  forms  on  the  market 
which  we  had  purchased  and  tried  out  from  time  to  time. 

In  its  present  form  the  apparatus  is  strongly  constructed,  com- 
pact, easy  of  adjustment  and  current  control,  and  capable  of  turn- 
ing out  a  large  amount  of  work  in  a  minimum  time. 

We  have  built,  and  have  in  use,  one  ten-unit  and  two  six-unit 
machines.  Fig.  1  gives  a  view  of  the  six-unit  machine.  One  of 
the  latter  machines  has  been  mounted  on  a  convenient  table  and  a 
demonstration  will  be  made  at  this  time  of  its  operation. 

•  Metallurgist,  Westinghouse  Electric  &  Manufacturing  Co.,  East  Pittsburgh,  P«. 
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Fig.  2  gives  the  more  important  details  of  mechanism.     They 


are: 


A— Drive  Shaft. 
B — Leather  Friction  Driver. 
C— Disc. 

D— Thrust  Ball  Bearing. 
E — Pressure  Spring. 
F — Pressure  Screw. 
G— Lock  Nut. 
H — Bearing. 
I— Shaft. 


J— Oil  Hole 
K — Fiber  Bushing. 
L — Large  Electrode. 
M — Small  Electrode. 
X — Stirring  Rod. 
P— Hard  Rubber  Plate. 
R — Terminal  Screw. 
S — Hard  Rubber  Cup. 


I'lG.     1. 


Drive  Shaft.  Etc.:  The  drive  shaft  is  made  of  ground  tool  steel 
and  is  directly  connected  to  a  1/12  H.  P.  motor,  1,140  R.P.M. 

The  leather  friction  driver,  disc  and  related  parts  furnish  a 
means  of  throwing  any  spindle  out  of  action  at  will  and  of  also 
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modifying  the  speed  of  rotation.  The  pressure  spring  enables  the 
leather  friction  driver  to  be  fastened  securely  in  any  desired  posi- 
tion on  the  disc  and  is  a  valuable  accessory  for  this  reason. 

The  leather  friction  driver  and  the  thrust  ball  bearings  give 
almost  noiseless  operation  at  this  point. 

Electrodes:  The  electrodes  are  cylinders  of  platinum  made 
from  40-mesh  wire  gauze.     The  large  electrode  weighs  about  30 


Fig.  2. 


grams  and  the  small  electrode  16  grams ;  in  other  words,  they  are 
as  Hght  as  is  consistent  with  the  work  they  have  to  do.  They 
are  stationary,  and  this  enables  them  to  be  used  with  success  for 
lead  determinations,  as  the  deposit  adheres  well,  which  is  not  the 
case  when  a  revolving  anode  is  used.  The  use  of  the  gauze  elec- 
trodes assures  rapid  deposition,  and  surface  bubbles  are  to  a 
large  extent  prevented.  Although  both  electrodes  are  stationary 
and  not  subjccterl  to  the  severe  stresses  due  to  rapid  rotation, 
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considerable  trouble  has  been  had  with  them  due  to  the  support- 
ing rods  breaking.  The  platinum  obtainable  during  the  past  two 
or  three  years  has  been  very  inferior  in  quality  and  the  prices 
high.  The  manufacturer  insists  that  his  refining  methods  have 
never  been  as  good  as  at  present  and  that  his  platinum  was  never 
before  as  pure,  but  the  facts  are  that  electrodes  bought  five  or 
six  years  ago  and  that  have  seen  hard  and  continuous  service 
are  still  in  good  shape,  while  the  platinum  in  recently  purchased 
electrodes  is  hard  and  brittle,  the  supporting  rods  frequently 
breaking  and  in  some  cases  after  only  a  few  weeks  of  service. 

Stirrers:  Our  stirring  rods  were  at  first  made  of  platinum  and 
were  shaped  like  propellers.  Their  frequent  breaking  and  the 
fact  that  it  would  have  been  necessary  to  make  them  very  heavy 
to  have  enabled  them  to  stand  up  led  to  the  development  of  a  new 
type  of  stirrer,  which  consists  of  a  tungsten  rod  3/32  inch  (2.4 
mm.)  in  diameter  and  8  inches  (20  cm.)  long,  with  a  glass  screw 
fused  upon  it.  These  stirrers  are  stiff  and  strong,  and  have  been 
found  to  be  much  cheaper  and  more  satisfactory  than  those  made 
from  platinum.  •  They  can  only  be  used  in  acid  electrolytes,  how- 
ever, as  in  alkaline  solutions  the  tungsten  is  attacked.  Where  it 
is  necessary  to  work  with  alkaline  solutions,  as  in  the  case  of  elec- 
trolyzing  ammoniacal  solutions  of  nickel  sulphate,  etc.,  a  coating 
of  glass  may  be  spun  over  the  entire  surface  of  the  stirrer  that  is 
exposed  to  the  solution. 

The  speed  of  rotation  of  the  stirrers  may  be  varied  from  300 
to  1,000  revolutions  per  minute.  To  insure  smooth  running,  the 
timgsten  rods  must  be  absolutely  straight,  and  this  requires  care- 
ful selection.  A  set-screw  has  been  found  to  be  the  most  satis- 
factory method  of  holding  the  stirrers  in  position. 

Hard-Rubber  Plate:  A  hard-rubber  disc  or  plate  with  a  convex 
lower  surface  carries  the  terminal  screws  for  the  electrodes  and 
fits  closely  over  the  beaker  that  holds  the  electrolyte,  thus  prevent- 
ing loss  of  the  liquid  by  projection  or  from  the  fine  spray  that 
occurs  during  the  electrolysis.  The  holes  in  the  disc  for  the  sup- 
porting rods  of  the  electrodes  and  for  the  stirrer  are  made  as  small 
as  possible  for  similar  reasons. 

Hard-Rubber  Cup:  A  hard-rubber  cup  or  holder  which  can  be 
adjusted  to  any  desired  height  carries  the  tall  glass  beakers  that 
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are  used  for  the  electro-analysis.  Beakers  of  from  200  to  400  c.c. 
capacity  are  used,  the  larger  sizes  being  necessary  for  large  sam- 
ples of  copper  that  are  being  analyzed  for  impurities  which  are 
present  in  relatively  small  amounts.  Where  it  is  desired  to  heat 
the  solutions,  a  small  disc  electric  heater  is  placed  under  the 
beaker. 

Instruments:  The  ammeter  has  a  range  from  0  to  10  amperes 
and  by  means  of  a  shunt  will  indicate  from  0  to  1  ampere.  It  is 
connected  in  such  a  way  that  readings  may  be  taken  at  any  spindle 
by  throwing  in  the  switch  above  the  spindle.  Corresponding  volt- 
meter readings  may  be  taken  by  means  of  the  push-buttons. 


rroni  VI9W  diogron 


SCHErOATIC  WIRING  DIRORHM 
OF  nPPflRHTUS  FOR  ELECTRO 
UN ti LYSIS  IN  CHE/VHCRL  L/IB. 
W  Eckf^  CO  «ol  lo  scale 


Fig.  3. 


Current:  The  necessary  current  for  the  electrolysis  is  furnished 
from  a  motor  generator  set  that  delivers  60  amperes  at  15  volts 
at  the  terminals  of  the  generator. 

Resistance:  Rheostats  conveniently  mounted  enable  the  maxi- 
mum and  minimum  currents  required  for  analysis  to  be  obtained. 
Many  types  of  electro-analysis  apparatus  are  so  wired  that  they 
have  the  same  current  at  each  unit,  but  with  our  arrangement 
each  unit  has  a  separate  rheostat,  and  a  copper  analysis  may  be 
run  on  one  of  them  with  6  amperes  and  a  babbitt  metal  on  the 
adjoining  set  at  0.5  ampere. 
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Reversal  of  Polarity:  The  larger  platinum  cylinder  is  normally 
the  cathode  and  the  smaller  one  the  anode,  but  the  polarity  may 
be  changed  at  will  by  means  of  a  double  throw  switch,  the  two 
positions  being  marked  respectively,  cathode  and  anode. 

Wiring:  A  hardwood  cabinet  encloses  the  apparatus.  The 
wiring  is  placed  on  the  back  of  the  cabinet  and  Fig.  3  shows 
it  in  diagram.  Although  injury  to  the  apparatus  from  excessive 
current  is  not  likely,  it  is  guarded  against  by  suitable  fuse 
protection. 

The  design  of  the  apparatus  was  made  by  Mr.  F,  P.  Lauffer, 
mechanical  engineer  of  the  Research  Division  of  the  Westing- 
house  Electric  and  Manufacturing  Co.,  aided  by  Mr.  Edgar  Cor- 
nell. Jr.,  alloy  chemist. 


DISCUSSION. 


Mr.  J.  L.  Jones:  Since  writing  the  paper  we  have  devised  a 
new  stirrer,  which  is  made  of  a  rod  of  tungsten  about  4  inches 
long — just  sufficient  to  enable  it  to  be  held  properly  in  the  clamps 
and  just  long  enough  to  extend  above  the  solution  where  it  is 
exposed  to  the  corrosive  spray.  The  balance  of  the  rod  is  com- 
posed of  glass.  It  is  somewhat  simpler  than  the  one  originally 
described  in  the  paper,  cheaper,  and  can  be  made  in  about  half 
the  time. 


A  faper  presented  at  tlie  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Oct. 
5,   1917,  President  FiuL    in   the  .Chair. 


THE  SPECTROSCOPIC  DETERMINATION  OF  SMALL  AMOUNTS 
OF  LEAD  IN  COPPER 

P.y  C.  W.  Hill  and  G.  P.  Luckey.* 

[Abstract.] 

For  the  rapid  determination  of  lead  in  factory  samples  of  cop- 
per, a  known  weight  of  copper  is  placed  in  a  slight  cavity  in  a 
lower  positive  graphite  electrode,  and  a  fixed  or  rotating  carbon 
negative  electrode  used  above.  A  grating  spectroscope  serves  to 
observe  the  spectrum.  The  time  required  to  cause  the  disappear- 
ance of  the  bright  lead  line  in  the  spectrum,  or  to  cause  its  en- 
feeblement  to  a  certain  dimness,  is  measured  with  a  stop-watch. 
With  carefully  regulated  arc,  the  times  vary  regularly  with  the 
amount  of  copper  used  and  with  its  percentage  of  lead,  e.  g.,  from 
14  seconds  with  0.2  g.  copper  containing  0.004  percent  lead  to 
277  seconds  with  1  g.  copper  containing  0.038  percent  lead.  The 
results  are  sufficiently  reliable  for  practical  use  in  the  copper 
refinery. 


The  following  experiments  are  the  result  of  the  need  for  a 
rapid  method  for  the  determination  of  small  amounts  of  lead  in 
copper  for  use  in  the  factory  control  of  copper  refining.  On 
account  of  delay  in  securing  apparatus  and  the  pressure  of  other 
work,  the  authors  have  not  been  able  to  conduct  all  of  the  de- 
sirable experiments  incident  to  the  problem,  but  are  moved  to 
publish  the  results  of  the  work  accomplished  in  the  hope  that 
others  may  find  use  for  the  method  and  so  improve  or  modify  it 
that  it  may  be  capable  of  broader  application. 

*  Research   Chemists,   Westinghouse   'Electric   &   Mfg.   Co.,   East   Pittsburgh,   Pa. 
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APPARATUS.     • 

The  apparatus  used  consisted  of  a  vertical  arc  and  a  small 
grating  spectroscope,  together  with  suitable  resistances  and  con- 
densing lens,  shown  diagrammatically  in  Fig.  1.  The  arc  was 
formed  between  an  upper  negative  electrode  of  half-inch  (13 
mm.)  carbon  rod  and  a  small  sphere  of  copper  resting  in  a  slight 
cavity  in  the  lower  positive  graphite  electrode.  The  spectrum 
was  formed  by  a  two-inch  (5  cm.)  concave  grating  of  three  feet 


Fig.   1. 
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(90  cm.)  focal  length  ruled  15,000  lines  to  the  inch  (6,000  per 
cm.).  Lines  of  the  first  order  spectrum  were  observed  with  an 
eyepiece  magnifying  ten  times.  For  the  determination  of  lead 
in  copper,  the  brightest  visible  line  in  the  lead  arc  spectrum 
(405.8  jjip.)  was  observed.  This  line  lies  in  the  violet  between 
the  two  bright  copper  lines,  405.29  ixfx.  and  402.29  /u,/x.  Fig.  2 
shows  the  photograph  of  the  spectrum  as  observed,  with  the  lead 
and  copper  lines  in  prominence  and  the  many  fainter  lines  result- 
ing from  the  carbon  arc. 
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In  later  experiments,  a  rotating  upper  electrode  was  used.  This 
steadied  the  arc  materially  and  held  the  focus  of  the  arc  on  the 
slit,  so  that  the  arc  required  no  attention  after  starting. 

PROCEDURE. 

Weighed  samples  of  copper  shot  of  known  lead  content  were 
subjected  to  an  arc  of  constant  length  and  current.  By  means 
of  a  stop-watch  the  time  was  measured  from  the  melting  of  the 
sample  until  the  disappearance  of  the  lead  line  in  the  spectrum. 
The  end-point  was  easily  determined,  since  the  lead  line  lies 
almost  above  the  first  line  of  a  carbon  band.  At  first  the  line 
appears  very  bright,  but  as  the  lead  disappears  the  line  assumes 
the  same  brightness  as  the  remainder  of  the  carbon  band  of  lines. 
It  is  much  easier  to  match  the  line  in  brightness  than  to  observe 
the  final  disappearance  of  a  line. 

OBSERVATIONS. 

Using  the  apparatus  and  method  described,  experiments  were 
made  using  varying  weights  of  copper  samples  (0.1  g.  to  1.0  g.) 
containing  different  percentages  of  lead  (0.004  to  0.216  percent). 
The  arc  was  maintained  at  a  length  of  0.5  cm.  and  consumed  10 
amperes  on  a  220  V.  circuit.  The  results  are  tabulated  in  Table  I 
and  plotted  in  Figs.  3  and  4. 


Table.  T. 
Time  for  Different  Weights  of  Samples. 


Percent  of 
Lead  in 
Sample 

Time  in  Seconds  for  Weights  of  Samples  Given 

0.1  g. 

0.2  g.             0.4  g. 

0.6  g. 

0.8  g. 

1.0  g. 

0.004 

14              20 

0.005 

67 

98 

150 

0.006 

34              40 

0.008 

50               67 

0.009 

54 

0.011 

22 

65               87 

135 

i73 

2i6 

0.014 

67               95 

0.016 

120 

0.028 

92 

215 

240 

277 

0.031 

155 

0.045 

35 

180 

•  .  . 

0.062 

50 

140             227 

0.097 

203 

33^ 
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Fig.  3. 
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Fig.  4. 


The  size  of  sample  which  will  give  the  best  results  is  dependent 
upon  the  range  of  lead  content  to  be  determined  and  upon  the 
size  of  electrodes  and  current  conditions.  With  a  given  arc, 
larger  samples  increase  the  accuracy  at  low  percentages  of  lead, 
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but  lengthen  the  time  of  measurement  for  samples  of  high  lead 
content.  For  our  specific  problem  and  arc  arrangement,  samples 
of  0.4  g.  are  the  best. 

Table  II  shows  the  results  of  two  runs  made  several  months 
apart,  one  determination  being  made  with  a  stationary  upper  elec- 
trode and  the  other  with  a  rotating  electrode.  Individual  read- 
ings are  given  to  show  the  deviation  from  the  average.  (Plotted 
in  Fig.  3.) 

Table  II. 

Check  Runs  With  0.4  g.  Samples. 
(Time  in   Seconds) 


Percent  Lead  by 

Stationary 
Cathode 

Rotating  Cathode 

Analysis 

Averages 

Individual  Readings 

0.004 

20 

26 

25             23             29 

0.006 

40 

0.008 

67 

62 

65             60             60 

0.011 

87 

96 

100             95             98 

0.014 

95 

110 

(From  curve) 

0.016 

120 

120 

120            120            120 

0.028 

146 

151 

146            155            154 

0.031 

155 

160 

(From  curve) 

0.045 

180 

194 

(     "           "     ) 

0.062 

227 

240 

235           240           245 

0.097 

313 

290           315           334 

0.119 

331 

325            329           338 

0.156 

387 

375           400 

0.216 

474 

485           463 

It  is  to  be  noted  that  the  standardization  of  the  method  was 
made  by  use  of  factory  samples  the  chemical  analysis  of  which 
had  been  made  with  great  rapidity  and  with  the  usual  errors  in- 
cident to  the  method.  The  readings  were  taken  as  a  rule  at  ran- 
dom, with  lead  content  unknown  to  the  person  observing  the 
spectrum.  Repeated  runs  by  different  observers  showed  varia- 
tions of  the  same  magnitude  as  those  in  Table  II. 

In  using  the  method  as  a  check  on  the  refining  process,  it  is  not 
necessary  to  have  a  complete  standardization  curve.  Samples  of 
satisfactory  material  may  be  run  from  time  to  time,  and  the  re- 
fining process  continued  until  furnace  samples  show  a  disappear- 
ance time  equal  to  or  less  than  that  of  the  standard  sample.     If 
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desirable,  the  disappearance  time  could  be  plotted  against  furnace 
operating  time. 

For  factory  use  it  is  proposed  to  use  a  suitable  spectroscope, 
if  one  can  be  obtained  which  has  sufficient  diffraction  to  show 
the  lines  distinctly.  A  Joly  balance  will  be  substituted  for  the 
usual  analytical  balance,  since  it  is  sufficiently  accurate  and  is 
better  adapted  to  factory  usage. 

CONCLUSIONS. 

From  the  above  experiments  it  is  concluded  that  the  empirical 
method  outlined  permits  the  rapid  determination  of  small  amounts 
of  lead  in  copper.  It  is  necessary  to  maintain  constant  conditions 
of  arc  and  to  standardize  the  apparatus  against  known  samples. 
Se'veral  check  readings  should  be  taken  when  considerable  accu- 
racy is  desired. 

For  control  work  the  time  of  disappearance  of  the  lead  for  a 
satisfactory  sample  of  copper  may  be  used  as  a  standard,  and  the 
refining  process  carried  on  until  the  furnace  sample  shows  an 
equal  time  of  disappearance. 

OTHER    APPLICATIONS. 

The  use  of  the  arc  is  limited  to  the  determination  of  small 
amounts  of  impurities  which  are  volatilized  at  a  comparatively 
low  temperature  in  the  presence  of  a  metal  which  is  not  rapidly 
volatilized  at  a  comparatively  high  temperature  and  which  gives 
a  steady  arc,  the  existence  of  strong  characteristic  spectrum  lines 
being  assumed.  (In  the  present  case  the  above  statement  should 
probably  be  modified  so  as  to  apply  to  the  oxides  of  the  metals 
rather  than  the  metals  alone.)  Some  metals  would  give  better 
results  in  an  inert  atmosphere. 

The  method  might  be  applied  to  metals  of  low  boiling  point  or 
even  to  salts,  by  substituting  a  heating  strip  in  place  of  the  arc 
and  securing  the  arc  or  spark  spectrum  from  the  vapors  arising 
from  the  heating  strip. 

Research  Laboratory, 
JVestinghoiise  Electric  &  Mfg.  Co. 
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DISCUSSION. 

W.  R.  Mott'  :  It  is  a  pleasure  to  know  that  such  accurate 
quantitative  analyses  can  be  made  by  this  method,  similar  to  that 
which  I  have  found  convenient  in  a  less  refined  form  for  the 
study  of  fractional  distillation  of  alloys.  The  average  deviations 
of  the  time  readings  appear  to  be  i  6  percent,  which  is  very 
good  accuracy  referred  to  small  amounts  of  lead  in  copper. 

The  method  as  used  by  the  authors  appears  likely  to  be  best 
worked  out  with  metals  forming  molten  alloy  beads  not  wetting 
the  carbon.  In  my  analytical  outline  using  arc  images,  these 
easily  reduced  metals  not  wetting  carbon  were  called  Class  A,  and 
were  characterized  also  by  giving  little  or  no  arc  shell.  The  more 
common  of  these  metals  are  arsenic,  cadmium,  zinc,  thallium, 
lead,  bismuth,  antimony,  silver,  copper,  tin  and  gold.  The  boiling 
points  of  these  may  be  stated  to  be  about  as  follows : 

•c. 

Arsenic  (sublimes)    ...:..   554 

Cadmium 778 

Zinc 918 

Thallium    1306  (Wartenberg) 

Bismuth  1420  (Greenwood) 

Antimony 1440  (Greenwood) 

Lead  1525  (Greenwood) 

Silver   1955  (Greenwood) 

Tin    2270  (Greenwood) 

Copper 2310  (Greenwood) 

Gold    2530  (Greenwood) 

The  combinations  of  the  lower  boiling  metals  with  the  higher 
boiling  metals  offer  the  best  opportunity  of  getting  combinations 
parallel  to  those  of  lead  and  copper.  However,  like  mixtures 
of  water  and  hydrochloric  acid,  certain  metals  give  combinations 
having  a  higher  boiling  point  than  that  of  either  metal  alone. 
These  exceptional  cases  are  arsenic  and  cadmium,  antimony  and 
copper,  tin  and  copper,  and  mixtures  of  bismuth,  antimony  and 
lead.  In  these  cases  spectrum  examination  would  not  show  a  dis- 
appearance of  either  constituent.  By  examining  the  upper  and 
lower  deposits  in  carbon  cups,  I  have  discovered  several  very 
delicate  tests  capable  of  semi-quantitative  valuation  for  many  of 
these  and  other  elements.    For  example,  100  g.  of  lead  with  1/50 
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mg.  of  silver  easily  shows  a  beautiful  purple  upper  deposit  char- 
acteristic of  silver.  Tin  with  minute  amounts  of  gold  gives  a 
very  delicate  test  by  forming  Purple  of  Cassius.  The  details  of 
these  and  numerous  other  tests  I  hope  to  present  at  a  later  meet- 
ing of  our  Society.  Again  let  me  express  my  high  regard  for  the 
interesting  work  of  Dr.  Hill  and  Mr,  Luckey. 

M.  G.  Lloyd-  :  A  spectroscopic  method  of  quantitative  analysis 
has  been  in  use  at  the  Bureau  of  Standards,  Washington,  for 
determining  the  amount  of  impurities  in  tin  boiler  plugs.  A  con- 
cave grating  is  used  to  form  a  spectrum  of  the  spark,  and  this 
spectrum  is  photographed  with  an  exposure  of  five  minutes. 

The  spectra  are  compared  with  those  of  samples  whose  con- 
tents are  known  by  means  of  chemical  analysis,  and  the  results 
are  quite  as  reliable  as  the  chemical  analysis,  when  the  amount 
of  impurity  being  sought  is  only  0.1  percent.  The  quantity  is 
determined  by  the  intensity  of  the  line  in  the  photographed  spec- 
trum. An  analysis  of  ten  plugs  for  four  impurities  may  be  easily 
made  in  1^  hours  by  a  single  observer.  The  principal  impurities 
are  lead,  zinc,  copper  and  iron. 

The  photographic  method  has  the  advantages  of  a  permanent 
record,  and  the  ability  to  make  the  examination  for  several  ele- 
ments at  once. 

Quantitative  spectroscopic  analyses  of  steel  have  also  been 
made,  especially  for  the  determination  of  chromium  and  titanium. 
For  such  elements  as  niobium  and  molybdenum,  the  estimation 
of  small  quantities  is  more  reliable  than  by  chemical  analysis. 

C.  W.  HiLiv  (Communicated)  :  The  discussion  of  Mr.  Mott 
would  seem  to  be  pertinent,  and  should  be  borne  in  mind  in  at- 
tempting to  apply  the  method  to  other  elements  than  those  which 
we  have  used. 

A  word  of  caution  should  be  said  regarding  the  method  de- 
scribed by  Mr.  Lloyd.  It  may  apply  in  certain  cases,  using  the 
spark,  but  it  does  not  apply  to  the  arc  spectrum  in  any  of  the 
cases  which  we  have  studied.  Before  developing  the  method 
which  we  have  discussed,  we  made  a  large  number  of  tests  in 
which  we  attempted  to  connect  the  intensity  of  the  lead  line  with 
the  percentage  of  lead  in  the  sample.     It  is  extremely  difficult  to 
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estimate  the  strength  of  a  hne  in  any  quantitative  manner.  It 
would  appear  that  the  intensity  of  the  lead  line  in  the  arc  spec- 
trum in  our  case  depends  upon  the  rate  at  which  the  lead  is  being 
expelled  from  the  copper.  This  would  in  turn  depend  upon  the 
vapor  pressure  of  the  lead,  which  is  influenced  by  the  tempera- 
ture. With  given  size  of  samples  and  uniform  electrical  condi- 
tions, we  found  a  qualitative  difference  in  the  intensity  of  the 
lead  line  with  content  of  lead,  but  were  unable  to  estimate  it 
accurately  even  by  use  of  photographs.  Therefore,  while  the 
method  of  Mr.  Lloyd  may  apply  to  the  spark  spectrum,  it  is  our 
opinion  that  it  would  not  be  practical,  if  it  is  possible,  with  the 
arc  spectrum. 

Since  the  paper  was  written  we  have  succeeded  in  using  a 
spectroscope  with  two  prisms  in  place  of  the  grating.  A  com- 
mercial form  of  the  apparatus  ma\-  be  described  at  a  later  date 
after  it  has  been  thoroughly  tested  under  factory  conditions. 


A  paper  praentcd  at  the  Thirty-second 
General  Meeting  of  the  American  Blectro- 
cheviical  Society,  in  Pittsburgh,  October 
5,  1917,  President  Fink  in   the  Chair. 


SYNTHETIC  GASOLINE  BY  ELECTROCHEMICAL  MEANS 
By  Ivouis  Bond  Cherry.* 

[Abstract.] 

Description  of  passing  mixtures  of  heavy  hydrocarbon  vapors 
and  natural  gas  through  electrically-heated  tubes,  and  subjecting 
them  therein  to  the  electrical  discharge  of  a  high-tension,  high- 
frequency  oscillating  current.  Results  show  the  conversion  of  40 
to  70  percent  of  the  heavy  hydrocarbon  into  gasoline.  The  labora- 
tory apparatus  is  described,  next  the  first  large  experimental  plant, 
and  lastly  a  commercial  sized  unit,  which  is  now  being  assembled. 


This  account  of  experiments  in  the  production  of  synthetic 
gasoline,  by  electrochemical  and  electrothermal  means,  will  prob- 
ably be  of  interest  on  account  of  the  growing  scarcity  and  ever 
increasing  demand  for  motor  fuels,  and  also  on  account  of  the 
novelty  of  the  process. 

To  announce  that  the  gasoline  problem  had  been  solved  would 
be  too  startling  for  the  average  scientist  to  believe  without  knowing 
how  it  was  accomplished,  and  to  say  that  it  was  done  by  electro- 
chemical means  would  at  once  create  a  group  of  "Doubting 
Thomases."  But,  to  first  present  a  theory  and  then  follow  with 
an  account  of  experiments  supporting  the  theory,  will  be  most 
convincing  if  the  resultant  account  of  the  experiments  justifies 
the  theory. 

It  is  well  known  that  most  of  our  crude  oil  distillates  and  natural 
gases  of  the  United  States  are  of  paraffin  series  of  hydrocarbons, 
conforming  to  the  formula  C^^H,^^  ^  ^,  and  that  natural  gas  is  largely 
composed  of  methane  (CHJ,  which  occupies  a  place  at  the  be- 
ginning of  the  series  and  is  the  simplest  of  the  group ;  while  going 
toward  the  more  complicated  molecular  structures  we  find  about 
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sixty  well  defined,  saturated,  normal  hydrocarbons,  terminating 
with  the  solid  hexacontane  (CgoHigo),  with  a  melting  point  of 
101°  C. 

Our  commercial  gasoline  occupies  a  place  in  the  series  a  little 
above  those  which  are  normally  gas,  and  is  composed  of  a  probable 
blend  of  hexane  (CgHj^),  heptane  (C^H^g),  and  octane  (CgHj,), 
for  a  good  grade  of  gasoline,  although  we  are  tempted  to  beheve 
some  grades  of  gasoline  on  the  market  today  contain  hydrocarbons 
of  much  higher  boiling  points. 

The  above  mentioned  hydrocarbons  are  called  paraffins  because 
they  resist  at  low  temperatures  the  action  of  most  reagents,  and 
are,  in  fact,  compounds  with  an  almost  indifferent  character, 
refusing  to  take  on  more  hydrogen  or  even  to  chemically  unite 
with  any  of  their  associates. 

If  we  could  chemically  unite,  in  proper  proportion  and  form, 
sufficient  methane,  or  hydrogen  gas,  to  certain  of  the  heavier 
hydrocarbons,  we  could  produce  synthetic  gasoline. 

The  amount  of  gas  necessary  to  do  this  is  surprisingly  small, 
as  will  be  seen  from  the  following  table  of  the  paraffin  group  which 
shows  the  percentage,  by  weight,  of  carbon  and  hydrogen  in  the 
different  steps  of  the  series : 


Name 

Symbol 

Mol.  Wt. 

Percent  C 
(by  wt.) 

Percent  H 
(by  wt.) 

Methane  

CH, 
CiHo 
GHh 
CiHio 

C0H14 

CtHi8 

CsH,s 

Corla) 
C10H22 
CuHm 
Ci2Ha8 
C13H28 
CllH:tO 
CisHsj 

CloHrH 

CiiH.ta 
CisHss 

CioHw 

16 

30 

44 

58 

72 

86 

100 

114 

128 

142 

156 

170 

184 

198 

212 

226 

240 

254 

268 

75.00 
80.00 

81.81 
82.76 
83.33 
83.72 
84.00 
84.21 
84.38 
84.51 
84.62 
84.71 
84.78 
84.85 
84.91 
84.96 
85.00 
85.04 
85.07 

25.00 

Ethane    

20.00 

18.19 

Butane    

Pentane  

Hexane 

1724 
16.67 
1628 

Heptane   

16.00 

Octane    

Nonane 

15.79 
15.62 

Decane   

15.49 

Undecane 

Dodecane 

Tridecane    

Tetradecane    

Pentadecane    

Hexadecane    

Heptadecane  

Octodecane   

15.38 
15.29 
15.22 
15.15 
15.09 
15.04 
15.00 
14.96 

Nonodecane 

14.93 
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The  small  increase  in  percentage  of  hydrogen  necessary  to  con- 
vert some  of  the  heavier  fractions  of  crude  oil  into  the  lighter  and 
lower  boiling  point  compounds  is  clearly  shown.  For  example, 
heptane  (C^Hje)  contains  only  0.51  percent  more  H  than  decane 

On  account  of  the  cost  of  producing  hydrogen,  natural  gas 
(which  is  composed  mostly  of  methane,  CH^),  was  suggested  as 
being  the  most  desirable,  and  the  following  equations  illustrate  the 
possibilities  of  using  methane  gas  (CH^)  to  combine  with  the 
heavy,  high  boiling  point  hydrocarbons,  to  obtain  low  boiling  point 
products,  if  it  were  possible  to  obtain  reactions  as  herein  illus- 
trated. 

Nonane    CoH»  +  2(CH,)  =  2(aHu)  +  CH, 

Decane  C:oH2=  + 2(CH.)  =2(C6HiO  +  H, 

Undecane  CnH=.  +  2(CH,)  =  2(C6H,4)  +  CH, 

Dodecane    C^H^,  +  2(CH0  =  2(C7Hi6) -f  H, 

Tridecane    G.H^x -f  2(CH.)  =  2(C7Hi6)  +  CH. 

Tetradecane   CuH,o  +  4 ( CH.)  =  3 ( CeHi*)  +  2H, 

Pentadecane  C,:,H:=  +  3(CH0  =  3(C6Hu)  +  H= 

After  studying  the  electromagnetic  theory  of  matter  it  was 
conceived,  that,  if  the  only  difference  that  existed  between  carbon 
and  hydrogen  (or  between  two  hydrocarbons  such  as  methane, 
CH4,  and  nonane,  C9H20),  was  the  number  and  organization  of 
infinitesimal  units  of  electro-radiant  energy  which  we  are  pleased 
to  term  electrons,  and  that  if  we  mechanically  mixed  the  vapors 
of  a  hydrocarbon,  such  as  nonane  (CyH^o),  with  methane  (CH4), 
or  natural  gas,  and  impressed  upon  this  mixture  electro-radiant 
energy  of  the  proper  periodicity,  tone,  or  keynote,  we  would  be 
able  to  break  up  the  "electronic  solar  system"  of  the  molecules 
and  cause  them  to  vibrate  or  "dance  to  new  music,"  and  on  leaving 
the  zone  of  electrical  action  they  would  assume  some  natural 
organization  and  periodicity  depending,  to  some  extent,  on  the 
frequency  of  the  energy  impressed  upon  them,  and  on  physical 
conditions,  such  as  temperature  and  pressure. 

The  first  experimental  equipment  was  a  small  laboratory  affair, 
the  still  being  composed  of  a  common  piece  of  3  in.  (7.5  cm.)  pipe, 
the  ends  of  which  were  closed  with  caps,  threaded  and  screwed  on. 
The  reaction  tubes  wherein  the  gas  and  oil  vapors  were  sub- 
jected to  a  high-voltage  oscillatory  high-frequency  current,  were 
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made  of  1  in.  (2.5  cm.)  pipe  which  had  been  plugged  and  reamed, 
the  ends  of  which  were  fitted  with  modified  spark  plugs  which 
served  to  lead  in  the  current  through  a  fine  No.  30  (0.25  mm.) 
platinum  wire,  which  wire  passed  through  the  center  of  the  pipe 
from  end  to  end,  and  which,  when  connected  to  the  high-frequency 
coil,  subjected  the  gas  and  oil  vapor,  passing  through  the  pipe,  to 
a  silent  electric  discharge,  alternating  back  and  forth,  between 
the  central  electrode  and  the  pipe,  and  at  right  angles  to  the  direc- 
tion of  the  flow  of  gas. 

As  above  mentioned,  this  was  a  very  crude  equipment,  without 
pyrometers  or  pressure  gauges,  and  was  operated  at  high  pressure 
and  high  temperature,  but  it  served  to  demonstrate  the  feasibility 
of  the  process,  by  converting  42j/2°  Be.  kerosene  into  65°  Be. 
gravity  gasoline.  As  above  stated  this  was  done  at  high  pressure 
and  temperature,  and  was  operated  for  several  hours  before  the 
equipment  exploded,  completely  wrecking  the  small  frame  building 
in  which  it  was  located. 

The  C.  &  C.  Developing  Co.,  a  corporation,  was  then  organized, 
a  part  of  the  capital  stock  of  which  was  sold  to  raise  funds  for  the 
purpose  of  carrying  on  experiments  toward  perfecting  equipment 
which  would  operate  commercially  in  a  satisfactory  manner.  Ex- 
periments proved  that  a  very  high  frequency  was  necessary  to  ob- 
tain low  boiling  point  compounds,  and  that  increasing  the  fre- 
quency, would  raise  the  gravity  (Be),  and  lower  the  boil- 
ing point.  In  the  building  of  this  larger  equipment  an  attempt 
was  made  to  use  wireless  telegraph  equipment,  but  as  such  appa- 
ratus is  designed  only  for  intermittent  service,  it  proved  inade- 
quate, and  we  concluded  to  design  special  equipment,  photographs 
of  which  are  herewith  shown. 

This  plant  was  designed  to  convert  one  gallon  of  oil  per  minute. 
The  still  was  of  pipe  construction,  4  in.  (10  cm.)  double-extra- 
heavy  pipe,  welded  flanges,  electrically  heated,  and  consumed 
about  40  K.V.A.  of  electrical  energy  at  60  volts,  using  60-cycle 
alternating  current. 

Electric  power  was.  brought  in  at  110  volts,  and  by  means  of  an 
autotransformer,  arranged  with  25  three-volt  taps  connected  to 
a  switchboard  panel  equipped  with  a  special  rotary  switch  with 
25   contact   points  or  clips    (see  figure   No.   2),   control  of   the 
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Fig.  1.     First  Experimental  Plant. 
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heat  was  very  sensitive.  The  oscillatory  electrical  generating 
apparatus  for  this  plant  consisted  of  1  K.  V.  A.,  110  to  25,000  V, 
step-up  transformer,  with  a  variable  reactance  in  the  primary,  a 
variable  condenser,  rotary  spark-gap,  and  oscillatory  transformer. 
The  operation  of  this  plant  was  interrupted  several  times  by 


Fic.   2.     Switchboard  of  First  Plant. 


leaks  developing  at  the  flanged  joints  of  the  pipe  still.  These 
flanges  were  gasketed  with  corrugated  sheet  copper,  and  due  to 
the  expansion,  strain  under  heat,  and  high  pressure,  this  kind  of 
gasket  proved  inadequate,  and  after  much  costly  experimenting, 
which  included  a  change  to  heavier  flange  bolts,  a  gasket  was 
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secured  made  of  woven  asbestos  and  spun  over  with  sheet  copper, 
which  proved  very  efficient. 

As  stated  above,  this  plant  had  an  evaporating  capacity  of  one 
gallon  per  minute  and  when  running  on  kerosene  of  42"  Be. 
density  (0.81)  and  natural  gas,  and  at  75  lb.  working  pressure  per 
sq.  in.  (5  atmospheres),  56  percent  of  the  kerosene  was  converted 
into  distillates  having  an  initial  boiling  point  of  45°  C,  and  an  end 
point  of  160°. C,  with  an  average  gravity  of  56.3°  Be.  (0.751). 

The  length  of  the  reaction  tubes  of  this  plant  was  3  feet 
(90  cm.),  and  the  voltage  of  the  high-frequency  equipment  was 
about  40,000,  as  measured  by  a  sphere  gap,  with  sphere  3  inches 
(7.5  cm.)  in  diameter. 

The  difficulties  encountered  with  operation  under  high  pressure 
were  so  great  that  it  was  decided  to  carry  on  experiments  under 
atmospheric  pressure,  at  which  it  was  found  that  as  good  products 
could  be  obtained  as  when  operating  under  pressure,  but  the  per- 
centage of  conversion  was  not  as  great,  and  the  gravity  was  not 
quite  as  high,  33  percent  of  the  kerosene  being  converted,  to  an 
average  density  of  54°  Be.  (sp.  g.  0.761)  and  by  re-running  the 
residue  (which  was  practically  the  same  density  as  the  original 
kerosene),  it  was  discovered  that  an  additional  conversion  of  33 
percent  was  obtained  for  every  time  fractionation  was  made  and 
the  remaining  residue  run  through  the  still. 

The  performance  of  this  plant  seemed  to  justify  the  following 
conclusions :  ( 1 )  That  the  voltage  and  frequency  of  the  treating 
current  were  not  sufficiently  high ;  (2)  That  the  gas  and  oil  vapors 
were  not  under  treatment  for  sufficient  length  of  time,  in  other 
words,  the  reaction  tubes  were  too  short;  (3)  Insufficient  super- 
heating of  the  oil  and  gas  vapor  might  account  for  a  part  of  the 
inefficiency. 

At  the  conclusion  of  these  experiments  it  was  decided  to  build 
a  larger  plant  and  incorporate  into  its  design  the  benefit  of  our 
experience  with  the  old  one. 

To  design  high-frequency  apparatus  to  produce  current  of 
several  hundred  thousand  cycles  per  second,  a  potential  upwards 
of  a  hundred  thousand  volts,  current  generating  capacity  of  three 
to  five  amperes  at  the  above  voltage,  and  to  build  the  equipment 
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SO  reliable  that  it  could  be  operated  continuously  twenty-four 
hours  per  day  and  seven  days  per  week,  seemed  a  task  so  colossal 
and  fraught  with  such  difficulties,  that  many  engineers  predicted 
failure. 

There  was  apparently  only  one  policy  to  adopt  in  the  design  of 


Fig.  3.      110/220—50,000/100,000   Volt  Step-Up  Transformer  in    Second   Plant. 

this  equipment  to  meet  the  above  service  conditions,  and  that  was 
the  sacrifice  of  efficiency  of  operation  for  a  large  factor  of  safety 
in  the  electrical  insulation. 

Another  thing  that  had  to  be  avoided  in  order  to  obtain  the 
extremely  high  periodicity  necessary,  was  high  resistance  of  the 
oscillatory  circuit. 
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The  step-up  transformer  was  designed  of  the  closed-core  type, 
110/220—50,000/100,000  volts,  and  rated  at  30  K.  V.  A.,  but  with 
a  real  capacity  of  75  K.  V.  A. 

The  transformer  coils,  both  primary  and  secondary,  are  of  the 
pancake  type,  ribbon-wound,  which  allows  free  circulation  of  oil 
for  cooling  and  insulation,  and  the  secondary  or  high  voltage  coils 
are  made  up  of  ribbon  which  is  comparatively  very  wide  and  thin, 
which  has  the  effect  of  counteracting  the  self  induction  of  the 
turns  in  the  coil  by  electrostatic  capacity.  This  is  of  marked  ad- 
vantage where  extra  high  frequency  is  desired,  in  that  it  decreases 


Fig.  4.     \'ariable  Tubular  Electrostatic  Condenser. 


the  time  required  at  which  the  condenser  will  charge,  and  deter- 
mines to  a  marked  degree  the  periodicity  of  the  discharge  across 
the  spark  gap. 

The  fixed  condenser  was  made  with  polished  plate  glass  J4  i"- 
(6  mm.)  thick,  for  the  dielectric,  four  of  these  plates  being  used 
between  each  pair  of  copper  plates  of  opposite  polarity,  and  each 
glass  plate  was  separated  from  the  others  by  wood  spacing  strips 
^  in.  (3  mm.)  thick,  which  was  also  placed  at  the  ends. 

This  condenser  was  placed  in  a  tank  and  filled  with  mineral 
seal  oil  which  had  previously  been  dehydrated  and  filtered. 

This  condenser  was  connected  in  a  multiple  with  a  tube-type 
variable  condenser  using  7  porcelain  tubes,  40  in.  long  (102  cm.) 
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by  6J/4  in.  (16  cm.)  outside  diameter  by  4^4  in-  (H  cm.)  inside 
diameter,  immersed  in  mineral  seal  oil,  as  a  dielectric,  and  seven 
3^-in.  (9  cm.)  brass  tubes  34  in.  (87  cm.)  long,  connected  (in 
symmetrical  arrangement)  to  a  brass  spider  at  the  upper  end. 
The  complete  unit  was  supported  by  a  high-tension  insulator  and 
was  capable  of  being  raised  and  lowered  in  the  porcelain  tubes  by 
means  of  a  rope,  pulley,  and  counter-weight  equipment. 


Fig.  S.     (Right)    Rotary  Spark  Gap.     (Left)   Lower  Part  of  Oscillatory  Transformer. 


The  outside  or  opposing  element  was  made  up  of  split  copper 
tubes,  the  upper  ends  of  which  were  connected  to  a  heavy  brass 
spider,  so  formed  that  the  upper  edges  curved  outward  and  away 
from  the  upper  end  of  the  copper  tube,  and  the  porcelain  within 
it.  This  outward  curving  has  the  effect  of  lowering  the  potential 
gradient  at  this  point,  thus  reducing  the  tendency  to  puncture  the 
porcelain. 

The  spark-gap  consists  of  two  20-in.  (51  cm.)  Bakelized  fiber 
discs,  directly  mounted  on  extended  shafts  of  two  ^  H.P.,  1,750 
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R.P.M.  induction  motors,  which  run  in  opposite  directions.  On 
the  periphery  of  each  disc  was  mounted  a  brass  rim  with  a  ^-in. 
(13  mm.)  face. 

The  motors  were  mounted  on  guides,  the  bases  of  which  were 
connected  with  a  right-  and  left-hand  screw,  which  served  to 
regulate  the  gap  between  the  discs,  which  were  so  placed  that 


Fig.  6.     Oscillatory  Transformer. 


they  would  rotate  in  opposite  directions  within  the  same  plane, 
thus  producing  a  strong  air  draft  upward.  Current  was  led  to 
the  two  discs  by  fixed  gaps  on  the  opposite  side  from  the  main 
gap  of  each  disc.  This  type  of  spark  gap  proved  very  efficient 
when  operating  on  a  60-K.V.A.  load  at  100,000  volts,  at  which 
it  will  operate  continuously. 
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In  the  design  of  the  oscillatory  transformer  it  was  decided  to 
use  a  vertical  transformer  case  composed  of  porcelain,  four  feet 
(1.2  m.)  in  height,  fourteen  inches  (35  cm.)  greatest  outside 
diameter,  and  with  a  wall  one  inch   (2.5  cm.)   thick.     This  case 


Fig.   7.     Secondary  Coil  of  Oscillatory  Transformer. 


Tig.  8.     Core  of  Secondary  Coil  of  Oscillatory  Transformer. 


was  supported  vertically  on  three  porcelain  pillar  insulators,  36 
inches  (92  cm.)  in  height.  The  primary  winding  consisted  of 
ten  turns  of  very  flexible,  braided,  fiat  copper  conductor,  wound 
around  the  outside  center  of  the'  transformer  case. 
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The  secondary  winding  was  composed  of  110  turns  of  the  same 
conductor  wound  edgewise  and  insulated  with  four  turns  of  Em- 
pire tape,  the  terminals  of  the  coil  being  brought  out  at  the  two 
opposite  ends  of  the  transformer  case.  This  coil  is  supported  on 
a  core,  constructed  of  boro-porcelain  tubes,  terminating  in  wooden 


Fig.  9.     High-Frequency  Equiiimeiit. 


spool  ends,  designed  squirrel-cage  fashion,  and  mounted  on  a  3-in. 
(7.5  cm.)  porcelain  tube  which  rests  in  the  bottom  of  the  trans- 
former case,  the  upper  end  terminating  in  the  cover.  After  being 
placed  in  position  the  case  is  filled  with  mineral  seal  oil,  de- 
hydrated and  filtered. 
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This  high-frequency  equipment  is  mounted  on  a  gallery  about 
8  feet  (2.4  m.)  above  the  main  floor,  and  is  capable  of  the  widest 
range  in  operation,  being  capable  of  producing  high-frequency 
current  from  15,000  to  about  250,000  volts,  and  has  a  capacity 
of  converting  into  gasoline  about  60,000  gallons  of  oil  in  one  day 
of  24  hours. 


Fio.    111.      rcuFoot  Keacliuu   Tubts. 


Experience  with  the  first  plant  with  its  3-ft.  (0.9  m.)  reaction 
tubes  proved  they  were  not  sufficiently  long,  so  in  building  this 
second  plant  the  reaction  tubes  were  built  with  a  total  length  of 
ten  feet  (3  m.).  For  experimental  purposes  a  seven-barrel  still 
is  used,  which  is  fired  with  natural  gas,  and  the  vapor  outlet  of 
the  still  is  connected  to  the  reaction  tubes. 
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These  reaction  jiipes  are  heated  by  induction,  being  wound  their 
entire  length  with  double  0  copper  cable  (9  mm.)  electrically  insu- 
lated with  a  special  fireproof  insulating  compound,  and  connected 
to  an  autotransformer  similar  to  the  one  used  in  the  first  plant. 

On  operating  this  equipment,  a  78  percent  conversion  was  made 
from  kerosene,  and  as  this  was  not  considered  ideal,  it  was  again 
decided  to  increase  the  length  of  the  reaction  tubes  to  34  feet 


Fig.    11.      Upper   I'art  of  34-Foot  Reaction  Tubes 


(10.4  m.),  which  should  give  an  efficiency  approaching  100  per- 
cent conversion. 

At  the  time  of  preparing  this  paper,  this  new  reaction  tube 
equipment  could  not  be  operated  on  account  of  delay  in  de- 
livery of  substation  apparatus  which  is  to  furnish  power.  How- 
ever, an  account  of  results  will  be  given  in  a  paper  in  the  near 
future. 
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In  order  to  successfully  put  the  process  into  commercial  opera- 
tion it  is  planned  to  build  reaction  tubes  adjacent  to  the  crude- 
oil  stills  now  installed  in  the  various  refineries  in  the  coun- 
try, connect  them  to  the  vapor  line  of  the  stills,  put  a  perforated 
gas  pipe  in  the  bottom  of  each  still  for  the  admission  of  natural 
gas,  and  after  the  first  benzine  "cut"  is  made,  divert  the  vapors 
of    the    heavier    fractions    through    the    reaction    tubes,    which. 


Fig.   12.     Lower    Part  of  34-Foot   Reaction   Tubes,   with   Enclosing  Coils 
for  Heating. 


when  mixed  with  the  natural  gas  which  has  been  admitted  by  the 
perforated  pipe,  may  be  converted  into  a  crude  benzine  similar 
to  that  which  was  first  taken  from  the  crude  oil. 

As  stated  at  first,  the  density  of  the  product  may  be  changed 
by  varying  the  frequency  of  the  oscillatory  current,  but  by  experi- 
ment it  has  been  discovered  that  the  product  may  be  more  easily 
changed  in  density  by  varying  the  temperature  of  the  reaction 
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tubes,  and  in  so  doing  one  would  expect  that  a  teiTi])erature 
might  be  reached  which  would  break  down  or  "crack"  the  oil 
vapors  with  the  attendant  precipitation  of  carbon ;  but  so  far  this 
trouble  has  not  been  experienced,  although  temperatures  have 
been  carried  up  to  480°  C.  (about  900°  F.).  Had  this  tempera- 
ture been  carried  without  the  presence  of  the  high-frequency  cur- 
rent, precipitation  of  carbon  would  have  been  very  rapid,  and  an 
ill-smelling  product  consisting  largely  of  the  olefines  -would  have 
been  the  result. 


7re-<it/7i^nt^  C^hamlers 


ai^^ufs    f 
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Fig.    1(a).      Diagrammatic    sketch    of    electrical    connections    of    oscillatory    equipment, 

heating  equipment  and  control,  and   method  of  connecting  reaction  tubes 

to  still  and  condenser. 


Apparently  the  ionizing  effect  of  the  heated  tubes  combines  with 
the  effect  of  the  high-frequency  current,  and  produces  a  resultant 
effect  upon  the  gases  and  oil  vapors,  disorganizing,  and  at  the 
same  time  reorganizing  their  molecular  formations,  this  being 
done  without  complete  separation  of  their  elements. 

The  possibilities  of  this  process  are  apparently  very  great,  ^nd 
it  is  predicted  that  the  aromatic  hydrocarbons,  such  as  benzol  and 
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toluol  (which  are  in  so  great  demand  at  present  for  the  manufac- 
ture of  dyes  and  explosives),  will  be  made  by  some  modification 
of  this  process. 

Some  experimenting  has  been  done  in  this  line,  with  kerosene 
(without  the  addition  of  natural  gas),  under  a  pressure  of  80 
pounds  per  square  inch  (53^2  atmospheres),  and  a  temperature 


FIG.Z. 


riG.2) 


Fig.  2(a).     Section  of  Reaction  Tube.     Fig.  3(a).     Plan  of  Reaction  Tube. 


of  the  treating  chambers  of  538°  C.  (1,000°  F.),  which  produced 
a  distillate  which  seemed  to  be  composed  largely  of  a  mixture  of 
benzol  and  toluol.  Complete  refining  and  rectification  of  these 
products  were  not  made,  but  their  reaction  with  different  reagents 
and  their  ability  to  dissolve  asphaltum  indicated  a  high  percentage 
of  these  two  compounds.  Further  investigation  along  this  line 
is  contemplated  in  the  near  future. 

Some  of  the  advantages  of  this  process  are  as  follows :    Reac- 
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tion  tube  equipment  comparatively  cheap ;  easily  built  and  in- 
stalled ;  small  depreciation,  as  compared  with  "cracking"  equip- 
ment, where  precipitation  of  carbon,  together  with  corrosive  action 
of  products  of  combustion  with  which  they  are  heated,  soon  de- 
stroys the  plates  and  tubes. 

The  apparatus  is,  in  reality,  an  attachment  to  the  ordinary  re- 
fining equipment,  and  utilizes  the  stills  and  condensers,  agitators 
and  tankage  already  installed. 

By  converting  the  distillates  between  the  benzine  fraction  and 
that  part  in  which  the  lubricating  oils  are  found,  it  is  possible  to 
increase  the  output  of  gasoline  200  percent. 

One  kilowatt  of  electrical  energy  used  in  the  reaction  tubes 
will  convert  1,000  gallons  (3,785  liters)  of  distillate  in  24  hours, 
or  a  60-K.W.  plant  should  convert  about  60,000  gallons  (227,100 
liters)  per  day;  a  total  of  1,440  K.W.-hours  are  required  for  the 
oscillatory  current,  to  treat  60,000  gallons  (227,100  liters).  It 
has  been  found  by  experiment  that  40  K.W.-hours  of  electrical 
energy  is  required  for  heating  the  reaction  tubes  while  pro- 
educing  60  gallons  (227  liters)  per  hour,  and  if  the  ratio  holds 
true  for  a  60,000-gallon  (227,100-liter)  plant,  it  would  take 
39,360  K.W.-hours  '  for  heating  the  reaction  tubes,  while 
60,000  gallons  (227,100  liters)  were  being  converted;  this  added 
to  1,440  K.W.-hours  would  make  40,800  K.W.-hours  total  energy 
required,  which  at  a  cost  of  0.6  cent  per  K.W.-hour  (at  which 
price  electrical  energy  can  easily  be  produced  at  refineries)  would 
make  a  total  of  $244.80,  or  about  0.4  cent  per  gallon  (3.8  liters). 

Superheated  steam  may  be  used  with  the  gas,  or  may  be  used 
alone.  When  steam  is  used,  it  is  decomposed  in  the  reaction 
tubes,  the  nascent  hydrogen  uniting  with  the  hydrocarbons, 
and  the  O  uniting  with  C  forming  CO,  which  is  trapped  off  at  the 
tail  of  the  condenser,  is  available  for  fuel,  and  may  be  burned 
under  the  still.  Artificial  gas  may  be  used  where  natural  gas 
is  not  available ;  in  fact,  any  hydrocarbon  or  hydrogen-carrying 
gas  may  be  used.  Two  or  more  liquid  hydrocarbons  of  different 
gravities  and  boiling  points  may  be  mixed  and  treated,  and  a  com- 
pound of  different  characteristics  from  any  of  the  original  com- 
pounds obtained. 

While  operating,  the  temperature  of  the  oil  in  the  still  is  main- 
tained a  few  degrees  below  the  point  that  would  cause  it  to  distill 
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over,  and  the  gas  going  in  at  the  bottom  of  the  still  rises  through 
the  oil  and  acts  as  a  carrier  for  the  oil  vapors.  In  this  way,  per- 
fect control  of  the  velocity  through  the  reaction  tubes  is 
maintained.  Should  a  porcelain  insulator  break,  or  anything 
happen  to  interrupt  operations,  by  turning  off  the  gas  going  into 
the  still,  and  shutting  ofif  the  fire,  distillation  almost  immediately 
ceases. 

A  commercial  demonstration  has  not  yet  been  made. 


DISCUSSION. 


L.  B.  Cherry:  I  will  exhibit  a  bottle  of  gasoline,  and  make  a 
fe\V  remarks.  It  is  with  much  hesitancy  that  I  have  presented  a 
paper  on  this  subject,  owing  to  its  novelty,  and  I  therefore  expect 
a  great  deal  of  criticism  from  those  present,  on  account  of  the 
conclusions  drawn.  We  have  tried  in  this  paper  briefly  to  pre- 
sent a  theory,  and  follow  with  an  account  of  results  from  experi- 
mentation which  seem  to  support  the  theory. 

The  theory  is  briefly  this :  If  the  only  difference  between  our 
elementary  substances  was  the  number  of  and  organization  of 
electrons,  and  if  we  could  take  a  hydro-carbon  oil  in  vapor  form 
and  mix  it  with  hydrogen  or  a  hydro-carbon  gas  and  impress  upon 
this  mixture  radio-active  energy  of  the  proper  periodicity,  we 
would  cause  the  compounds  to  vibrate  together,  and  after  leaving 
the  zone  of  impressed  radio-activity,  they  would  form  some  natu- 
ral organization,  depending,  to  a  certain  extent,  on  the  physical 
conditions  with  respect  to  heat  and  pressure.  In  other  words,  we 
attempt  to  thin  down  the  oil  with  natural  gas,  to  make  gasoline. 

This  paper  tells  of  some  of  the  results  of  experiments  with  a 
small  plant,  and  we  expected  to  have  a  larger  one  in  operation 
before  coming  to  the  meeting,  but  the  express  companies  wrecked 
our  transformers,  therefore  making  it  impossible  to  carry  out  our 
plans,  and  give  you  the  results  of  a  commercial  demonstration. 
The  transformers  are  now  being  repaired,  and  will  soon  be  in 
operation.  This  work  has  been  most  interesting.  We  might  with 
apologies  call  the  product  gasoline.  It  is  52°  (Baume)  gravity, 
42.75°  C.  (109°  F.)  initial  B.  P.,  204.95°  C.  (400°  F.)  end  point, 
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and  was  made  from  42°  (Be.)  gravity  kerosene  and  natural  gas, 
of  which  about  78  percent  distilled  over,  under  the  temperature 
of  151.55°  C.  (305°  F.).  Most  refiners  use  the  Fahrenheit  ther- 
mometer, and  Baume  hydrometer.  Its  low  Baume  gravity  makes 
it  a  superior  motor  fuel,  as  you  have  more  weight  per  unit  of 
volume.  I  will  leave  this  sample  of  gasoline  for  your  inspection. 
See  Fig.  13. 

H.  C.  P.  Weber'  :  The  problem  and  the  method  of  attack  is  a 
very  interesting  one.  I  have  been  looking  over  the  references 
to  a  process  of  similar  nature  in  which  condensation  products 
of  higher  molecular  weight  have  been  prepared,  yielding  materials 


Fig.  13.     Dotted  Curve:    "Straight  Run"'  Gasoline. 
Solid  Curve:    "Cherry  Process"  G.TSoline. 

of  a  waxy  nature.  The  work  was  done  in  France  or  Italy,  as  far 
as  I  recall.  I  would  be  glad  to  know  whether  Mr.  Cherry  has 
similar  products  in  view,  in  addition  to  the  ones  of  lower  molecu- 
lar weight. 

Further,  there  should  be  some  relation  between  the  frequency 
of  vibration  of  the  molecule  and  the  most  effective  frequency  of 
the  current.  But  one  would  imagine  that  the  molecular  vibration 
frequency  would  be  enormously  higher  than  any  available  at 
present.  Has  any  possible  numerical  or  quantitative  relation  been 
established  between  the  applied  frequencies  and  those  of  the 
compound  ? 

Third,  the  material  obtained  being  products  of  lower  gravity 

'  Research  Laboratory,  Westinghouse  Elec.  &  Mfpf.  Co.,  East  Pittsburgh,  Pa. 
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may  be  the  result  of  solution  of  very  low  molecular  weight  prod- 
ucts, methane  for  example,  in  products  of  comparatively  high 
molecular  weight.  It  would,  of  course,  be  difficult  to  separate 
methane  from  heptane,  etc.,  by  one  or  two  distillations.  I  would 
like  to  know  whether  this  matter  has  been  carefully  followed  as 
3  possible  explanation  of  the  results. 

L.  B.  Cherry:  First,  the  matter  of  treating  compounds  of 
higher  molecular  weight  has  been  taken  up  by  a  number  of  others, 
particularly  by  Hemptine,  in  a  process  whereby  oleic  acid 
(QgHg^Oa)  is  changed  to  stearin  (CigHgeOa)  by  the  effect  of 
a  high-frequency  current  upon  films  of  the  former,  brought  up 
on  rotating  glass  plates,  in  an  atmosphere  of  hydrogen.  I  have 
converted  the  mixed  vapors  of  paraffin  wax  and  natural  gas,  and 
raised  the  mixture  nearly  to  the  gasoline  point  in  its  gravity  and 
physical  characteristics,  and  we  do  not  doubt  that  the  field  of 
development  in  the  products  with  heavy  molecular  weights  is  very 
broad. 

Second,  the  frequency  we  found  to  be  of  great  importance, 
and  with  the  apparatus  at  hand  we  found  that  raising  the  fre- 
quency we  lowered  the  boiling  point  and  raised  the  Baume  grav- 
ity. The  oscillatory  current  and  the  radiant  heat  of  the  tubes 
seem  to  combine  with  a  resultant  eflfect  on  the  mixed  oil  vapor 
and  gas,  as  we  were  enabled  to  get  the  same  results,  within  cer- 
tain limits,  by  varying  the  temperature  of  the  reaction  tubes. 
The  molecular  vibration  periodicity  is  no  doubt  very  high,  but 
we  may  strike  some  lower  harmonic  and  reach  that  of  the  mole- 
cule sympathetically,  just  as  we  strike  a  low  string  of  the  piano 
and  cause  the  higher  ones  several  octaves  above  to  vibrate.  The 
frequency  we  employ  is  extremely  high,  special  apparatus  had 
ro  be  built  to  accomplish  the  results,  the  current  from  which  may 
be  passed  through  the  body  without  being  sensed,  and  is  above 
the  point  of  audibility,  which  I  believe  is  about  35,000  vibrations 
per  second.  But  no  numerical  relation  has  as  yet  been  deter- 
mined between  the  applied  frequencies  and  those  of  the  compound. 
We  know  that  the  wave  lengths  of  the  solar  spectrum  range 
from  0.76  micron  (red)  to  0.38  micron  (violet)  and  that  emana- 
tions from  heated  and  luminous  bodies  that  come  within  this 
range  will  quickly  decompose  hydro-carbon  compounds,  and  that 
extremely  high-frequency  oscillatory  currents  produce  reactions 
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between  methane  and  other  organic  compounds  (see  Electro- 
chemistry of  Organic  Compounds,  by  Lob  and  Lorenz).  Just 
what  the  resultant  effect  is  of  the  combination  of  radiant  heat 
and  high-frequency  current,  together  with  a  possibility  of  an 
electro-magnetic  effect  by  inductively  heating  the  tubes  with  elec- 
tricity, just  how  this  causes  the  reaction  between  the  oil  vapor 
and  gas,  just  what  the  resultant  periodicity  is,  or  whether  it  is 
necessary  to  apply  energy  of  different  frequencies 'to  act  on  the 
two  different  compounds — would  be  interesting  to  determine. 

Third,  the  suggestion  that  a  solution  is  possibly  formed  between 
the  low  and  the  high  molecular  weight  hydro-carbons,  such  as 
methane  and  heptane,  does  not  seem  to  me  satisfactory,  as  me- 
thane being  a  gas,  it  seems  improbable  that  enough  would  stay 
in  solution  with  heptane  to  affect  very  materially  its  physical 
properties,  unless  a  molecular  reconstruction  had  taken  place. 

E.  B.  Pratt^  (Communicated)  :  From  my  own  limited  under- 
standing of  the  various  processes  for  producing  gasoline  from 
a  mixture  of  heavier  hydro-carbons  and  gas,  it  seems  that  the 
process  herein  described  differs  from  the  others  in  that  Mr. 
Cherry  subjects  the  mixture  of  heavy  hydro-carbons  and  gas  to 
an  electrical  discharge  of  high-tension,  high-frequency  oscillating 
current,  and  thereby  gets  a  large  percentage  of  gasoline  in  the 
product.  The  high  pressure  and  high  temperature  are  used  in 
the  other  processes  also. 

Mr.  Cherry  states  that  high  pressure  in  his  process  is  not 
necessary,  but  gives  higher  percentages  of  conversion,  and  higher 
gravity.  Inasmuch  as  high  pressure  is  necessary  in  the  other 
processes  where  the  electrical  discharge  is  not  used,  it  follows 
that  the  electrical  discharge  has  the  same  eft'ect  as  the  high 
pressure,  namely  to  facilitate  the  reaction,  and  when  both  are 
used  in  conjunction,  the  results  are  correspondingly  better. 

The  second  point  to  notice  is  the  small  percentage  of  hydrogen 
necessary  to  convert  the  heavy  hydro-carbons  to  gasoline.  And 
he  states  that  on  account  of  the  cost  of  producing  hydrogen,  he 
prefers  to  use  natural  gas.  This  deserves  both  commercial  and 
chemical  consideration.  The  commercial  aspect  is  that  hydrogen 
may  be  purchased  in  tanks  from  any  one  of  the  many  firms  (scat- 
tered throughout  the  country  from  the  Atlantic  to  the  Pacific) 

'  Mutual  Benefit  Life  Insurance  Co.,   Cleveland. 
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whicli  produce  hydrogen  and  oxygen  by  the  electrolysis  of  water. 
Therefore,  if  a  proposed  plant  for  synthetic  gasoline  were  to  be 
located  where  natural  gas  was  not  indigenous,  hydrogen  would 
be  the  more  universal  material.  The  chemical  aspect  is  that  it 
is  hydrogen  which  the  process  demands,  and  not  methane.  The 
latter  is  used  solely  because  it  is  a  source  of  obtaining  hydrogen, 
and  cheap.  Pure  hydrogen  instead  of  methane  would  mean  a 
less  complicated  chemical  action  within  the  retort,  and,  after  ex- 
perimental adjustments,  probably  would  give  a  larger  percentage 
of  gasoline. 

Also  worthy  of  note  is  that  Mr.  Cherry  says  that  the  density 
of  the  product  may  be  more  easily  changed  by  variation  in  tem- 
perature than  by  variation  of  frequency  of  cvirrent.  Therefore 
temperature  seems  to  be  of  more  importance  than  either  the  elec- 
tric current  or  pressure.  This  strikes  me  as  being  very  important. 
In  the  other  processes,  if  my  information  is  correct,  carbon  is 
precipitated  at  the  higher  temperatures,  whereas,  Mr.  Cherry 
states,  no  carbon  was  precipitated  at  480°  when  the  electric  cur- 
rent was  used.  He  goes  on  to  state  that  when  a  still  higher  tem- 
perature was  used  (538°  C.)  a  distillate  was  produced  which 
seemed  to  be  composed  largely  of  a  mixture  of  benzol  and  toluol. 
Now,  if  Mr.  Cherry  can  add  to  the  table  given  on  page  346  the 
temperatures  at  which  these  various  hydro-carbons  are  completely 
decomposed  into  carbon  and  hydrogen  gas,  it  seems  to  me  that 
he  has  the  basis  of  almost  any  kind  of  synthetic  composition: 
desired,  provided  he  uses  pure  hydrogen  instead  of  methane. 

If  Mr.  Cherry  will  send  me  the  temperatures  of  volatilization 
and  decomposition  of  these  hydro-carbons,  or  of  those  which  he 
uses,  I  may  be  able  to  give  him  some  helpful  information,  as  I 
have  had  some  experience  with  hydro-carbons  at  high  tempera- 
tures in  connection  with  another  process  not  in  any  way  related 
to  this  one. 

L.  B.  Chrrrv  :  Mr.  Pratt's  remarks  concern  the  operation  of 
the  process  under  high  pressure  and  temperature  as  compared 
to  performance  at  •  atmospheric  pressure.  It  seems  reasonable 
to  conclude  that  the  efTect  of  pressure  and  temperature  on  the 
compounds  under  treatment  is  to  vary  their  molecular  vibration 
periodicity,  and  the  higher  percentage  obtained  under  pressure 
mentioned  in  my  paper  was  obtained  when  my  equipment  had  a 
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three-foot  length  of  reaction  tube,  and  an  oscillatory  genera- 
tor that  was  insufficient  in  the  generation  of  high  enough  voltage 
and  frequency.  Since  then  we  have  built  a  new  plant,  increased 
the  length  of  reaction  tubes  to  ten  feet,  and  secured  78 
percent  conversion  at  atmospheric  pressure.  A  further  increase 
in  length  to  34  feet  secured  a  conversion  of  84  percent,  and  former 
experiments  cause  us  to  believe  that  by  running  the  remaining 
16  percent  through  the  equipment  we  can  convert  84  percent  of 
that,  which  causes  us  to  conclude  that  the  relative  time  that  the 
compounds  are  under  treatment  determines  the  percentage  of 
reaction  which  may  be  expected,  and  the  combined  action  of  heat 
and  high-frequency  current  determines  the  quality  of  the  product 


Fig.   14.     Dotted  Curve:    "Straight  Run"'  Gasoline. 
Solid   Curve:    "Cherry  Process"  Gasoline. 


obtained.  During  our  run  of  the  plant  the  latter  part  of  October, 
1917,  we  had  the  34-foot  reaction  tubes  connected  to  a  seven- 
barrel  still,  which  distilled  the  kerosene  over  at  the  rate  of  about 
one  gallon  a  minute,  with  which  apparatus  we  secured  ( See  Fig. 
14)  a  conversion  of  84  percent  of  the  kerosene  into  light  com- 
pounds with  an  end  B.  P.  of  400°  F.,  and  while  so  doing  we  forced 
into  the  still  2  cubic  feet  per  minute  of  natural  gas  at  a  pressure 
(when  metered)  of  2  pounds  per  square  inch.  The  increase  of 
length  of  reaction  tubes  from  10  feet  to  34  feet  should  have 
given  us  a  proportionate  increase  in  conversion ;  as  it  was,  the 
increase  was  from  78  percent  to  84  percent.  However,  we  ac- 
count for  this  apparent  discrepancy  by  the  fact  that  more  kero- 
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sene  was  being  distilled  per  minute  when  using  the  longer  reac- 
tion tubes  (which  were  of  same  diameter)  than  was  distilled 
when  the  tubes  were  10  feet  long,  and  the  gases  had  a  com- 
paratively higher  velocity,  which  would  comparatively  decrease 
the  time  they  were  under  treatment,  per  unit  of  length. 

I  am  sorry  that  I  cannot  give  the  temperatures  at  which  com- 
plete decomposition  takes  place,  as  suggested  by  Mr.  Pratt,  as 
there  are  so  many  conditions,  such  as  shape  of  the  still,  material 
of  which  it  was  made  (the  catalytic  action  has  to  be  accounted 
for),  etc.,  all  of  which  would  make  it  difficult  to  get  reliable  data. 
Then  I  know  of  no  method  that  would  completely  decompose 
a  hydro-carbon  into  its  elements  by  the  application  of  heat,  as 
there  would  be  a  polymerized  lot  of  compounds  that  are  sure  to 
form,  judging  from  what  little  experience  I  have  had.  However, 
with  the  top  of  the  still  well  insulated  to  prevent  cracking,  there 
is  very  little  decomposition  under  600"  F.  for  kerosene  and  700" 
F,  for  gas  distillate. 

W.  J.  Van  SicklEn^  (Communicated)  :  In  this  paper  Mr. 
Cherry  presents  an  interesting  electrochemical  method  for  the 
production  of  gasoline  from  hydro-carbons  of  higher  boiling 
points.  By  passing  suitable  mixtures  of  natural  gas  and  vapors 
from  heavy  oils  through  a  zone  in  which  electrical  discharge  of 
high  tension  and  high  frequency  is  maintained  he  finds  that  a 
considerable  percentage  of  the  original  oil  is  converted  to  gasoline. 
He  points  out  that  this  transformation  of  the  heavier  oil  is  brought 
about  by  the  electrostatic  and  electrochemical  conditions  set  up 
in  the  treatment  chambers,  and  that  a  high  conversion  yield  is 
possible  under  conditions  attainable  in  practice. 

In  view  of  the  present  status  and  future  plans  for  the  process, 
as  set  forth  by  Mr.  Cherry,  I  should  like  to  ask  about  the  re- 
covery yields  of  the  various  products  that  should  be  obtained  in 
the  proposed  extension  to  commercial  production,  assuming  that 
natural  gas  is  available.  Mr.  Cherry  states  that  by  using  a  ten- 
foot  reaction  tube  a  78  percent  conversion  of  kerosene  to 
gasoline  was  obtained,  but  does  not  mention  whether  this  repre- 
sents the  percentage  of  kerosene  plus  gas  converted  to  gasoline 
or  some  other  value.  It-  would  be  interesting  to  know  also  if 
he.  has  determined  the  percentage  of  original  materials  converted 

'  CliemiPt,  San  Francisco,  Cal. 
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to  gas  and  to  carbon,  since  a  considerable  percentage  of  these 
products  might  result  owing  to  the  high  temperature  employed 
in  the  treatment -chambers. 

In  discussing  the  relative  influence  of  frequency  of  the  oscil- 
latory current  utilized  and  temperature  of  the  reaction  tubes 
in  lowering  the  density  of  the  oil  products  obtained  from  kero- 
sene, the  author  mentions  that  the  latter  appears  more  effective 
but  that  the  former  is  necessary  if  cracking  and  attendant  pre- 
cipitation is  to  be  prevented.  He  also  mentions  that  by  thermal 
cracking  alone  a  much  larger  percentage  of  defines  and  other 
unsaturated  products  would  result.  It  would  be  interesting  to 
know  what  specific  influence  the  oscillatory  current  exercises  in 
the  production  of  unsaturated  hydro-carbons  irrespective  of  the 
thermal  treatment.  It  is  possible  that  Mr.  Cherry  has  determined 
the  percentages  of  original  materials  converted  to  saturated  and 
unsaturated  oils  from  an  analysis  of  the  products  obtained  both 
with  and  without  the  utilization  of  the  oscillatory  discharge,  while 
keeping  the  thermal  and  other  conditions  constant. 

I  would  like  to  ask  if  the  author  has  ever  tried  to  utilize  the 
gaseous  products  obtained  in  the  process  of  heating  and  thus 
maintaining  the  reaction  tubes  at  the  proper  temperatures, 
instead  of  using  the  more  costly  electrical  energy  for  that  pur- 
pose. If  this  were  done  would  it  not  make  the  process  more 
economical  as  regards  production  costs,  or  has  the  induction  heat- 
ing as  a  result  of  the  eddy  currents  developed  in  the  walls  of  the 
reaction  tubes  some  specific  action  in  transforming  the  hea\y 
hydro-carbons  to  those  of  lower  boiling  points? 

L.  B.  Cherry:  The  fact  that  we  had  no  appreciable  amount 
of  uncondensable  gases  and  carbon  precipitaton  is  remarkable, 
and  leads  us  to  expect  a  100  percent  conversion,  on  a  volume 
basis.  That  is,  we  believe  the  losses  will  not  exceed  the  increase 
in  volume,  due  to  raise  in  gravity,  and  that  we  will  be  able  ulti- 
mately to  secure  as  many  gallons  of  marketable  gasoline  as  we 
had  of  distillate  to  start  with.  Reference  in  my  paper  to  different 
percentages  of  conversion  mean  that  a  sample  of  the  synthetic 
benzene  was  caught  at  the  tail  of  the  condenser  during  the  run, 
fractionated  by  distillation,  and  the  percentage  "over"  under  400° 
F.  represented  the  percentage  of  conversion.     The  temperature 
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carried  on  the  reaction  tubes  is  sufficient  to  crack  the  oil 
vapor,  were  it  not  for  the  oscillatory  current,  as  was  evidenced 
by  cutting  off  the  high-frequency  current  during  the  run,  for  a 
few  minutes,  and  when  it  was  turned  on  again  the  free  carbon 
which  had  been  precipitated  during  that  time  and  was  sticking 
to  the  inner  walls  of  the  tubes,  was  loosened  up  on  continuing 
the  high-frequency  current,  and  coming  over  with  the  distillate 
would  color  it  as  black  as  tar,  but  in  a  few  minutes  all  free  carbon 
was  eliminated  and  the  distillate  would  clear  up  and  continue  to 
run  clear. 

There  seems  to  be  a  decided  advantage  of  the  use  of  electrically 
heated  tubes,  on  account  of  the  more  sensitive  control  of  Ihe  heat. 
It  was  noted  that  a  variation  of  20°  F.  made  a  great  change  in 
the  product.  The  cost  of  so  doing  is  not  prohibitive.  By  actual 
watt-meter  reading,  the  consumption  of  electrical  energy  for  both 
the  heating  and  the  oscillatory  current  was  628  watt  hr.  per  gallon 
of  kerosene  treated,  which  at  the  prices  quoted  from  large  central 
stations  is  about  one-half  cent  per  gallon.  The  unused  gases 
can  be  put  back  through  the  still  and  through  the  reaction  cham- 
bers, where  they  ultimately  are  mostly  converted  into  aromatics ; 
or,  the  gases  unconsumed  may  be  burned  under  the  still,  but  the 
use  of  fuel  for  heating  the  reaction  tubes,  with  the  attendant 
depreciation  of  furnace  and  tubes,  and  difficult  control  of  the 
temperature,  I  believe  Avould  show  a  lower  commercial  efficiency 
than  where  the  tubes  are  electrically  heated. 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  in  Pittsburgh,  October 
5,  1917,  President  Fink  in  the  Chair. 


CHLORINE  AS  A  WAR  FACTOR 

By  Wm.  D.  Marshall* 

[Abstract.] 

A  review  of  the  uses  of  chlorine  in  war  service,  particularly  of 
recent  practice  in  sterilizing  drinking  water  in  the  field  by  use  of 
liquid  chlorine,  and  of  the  production  of  hypochlorine  solution 
with  0.45  to  0.50  percent  available  chlorine,  for  field  hospital  use, 
by  using  carefully  weighed  ampoules  of  liquid  chlorine  with  a 
fixed  amount  of  water  and  soda,  for  the  Carrel  and  Dakin 
treatment. 


During  the  first  year  of  the  war,  reports  from  abroad  have 
frequently  reached  this  side  to  the  effect  that  chlorine  was  used 
in  the  form  of  gas  attacks,  releasing  it  from  cylinders  or  con- 
tainers against  the  position  of  the  enemy. 

My  own  experience  with  chlorine,  as  well  as  what  I  have  heard 
from  others  on  the  subject,  leads  me  to  believe  that  it  alone  could 
never  have  caused  such  agony  and  internal  injuries  as  are  de- 
scribed in  the  various  articles,  because  in  my  practice  I  have  never 
seen  nor  heard  of  anybody  permanently  injured  by  inhaling 
chlorine,  although  the  temporary  inconvenience  and  pain  caused 
by  it  seemed  at  times  rather  serious.  This  of  course  refers  to 
conditions  such  as  prevail  in  factories,  to  which  conditions  on  the 
battlefield  must  be  almost  identical  or  at  least  very  similar.  That 
is,  that  a  person  is  subjected  to  fumes  of  great  dilution  for  a 
limited  space  of  time,  for  periods  lasting  from  several  minutes  to 
even  several  hours,  according  to  the  concentration  of  the  gas  in 
the  air,  and  afterwards  gets  out  again  into  the  fresh  air. 

*  With  Electro  Bleaching  Gas  Co.,  New  York  City. 
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Whatever  bad  reputation  chlorine  has  incurred  as  a  poison  gas, 
deservedly  or  undeservedly,  it  is  more  than  making  up  for  it  by 
the  beneficial  applications  to  which  it  has  lent  itself  for  war  pur- 
poses in  sanitation,  sterilization  of  wounds,  etc. 

The  first  revolutionary  progress  in  the  apphcation  of  chlorine 
for  water  sterilization  was  not  made  until  the  latter  part  of  1912, 
when  liquid  chlorine  was  first  introduced  to  the  sterilization  of 
city  water  supplies,  through  accurate  measuring  and  regulating 
devices  which  permitted  its  application  in  absolutely  quantitative 
amounts  in  exact  proportion  to  the  amount  of  water  to  be  treated. 
This  method  was  developed  at  such  a  pace,  that  today,  less  than 
five  years  since  its  inception,  well  over  one  thousand  cities  and 
towns  in  the  United  States  and  Canada  are  employing  this  method 
and  the  typhoid  charts  of  the  Board  of  Health  of  various  com- 
munities prove  conclusively  the  rapid  drop  of  typhoid  fever  cases 
immediately  after  the  introduction  of  chlorine  sterilization. 

A  method  such  as  the  above,  it  is  evident,  is  applicable  mainly 
to  stationary  water  works,  where  a  steadily  flowing  body  of  water 
has  to  be  treated.  The  sterilizing  apparatus  itself,  however,  need 
not  be  stationary  owing  to  its  small  size,  lightness  and  compactness 
and  as  a  matter  of  fact  a  special  type  of  small  and  self-contained, 
so-called  emergency  apparatus  has  been  devised,  which  can  be 
shipped  or  carried  by  one  man,  from  place  to  place,  wherever 
urgent  necessity  requires  immediate  sterilization,  but  even  in  this 
case  the  water  works  where  the  apparatus  has  to  be  put  in  use  is 
of  a  stationary  kind. 

In  war,  stationary  conditions  prevail  only  in  the  minority  of 
cases,  for  instance  in  permanent  camps,  etc.,  and  for  these,  par- 
ticularly if  of  fairly  large  size,  where  considerable  quantities  of 
water,  either  flowing  or  collected  in  large  reservoirs  or  tanks,  are 
to  be  sterilized,  the  same  t}'pe  of  apparatus  may  be  employed  to 
advantage.  For  smaller  units,  however,  and  such  of  a  more 
temporary  character,  where  quantities  of  one  or  several  barrels 
will  suffice,  other  methods  have  to  be  resorted  to.  Tablets  and 
ampoules  containing  mixtures  of  bleaching  powder  and  sodium 
carbonate  or  sulphate,  in  known  quantities,  have  been  recom- 
mended, but  do  not  seem  to  meet  with  much  success,  the  lack  of 
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which  is  caused  undoubtedly  by  their  insufficient  stability  and — 
as  a  consequence — the  uncertainty  as  to  sterilizing  efficiency,  pre- 
cipitation of  lime  sludge,  etc. 

As  a  result  of  a  large  number  of  experiments  along  these  lines 
we  feel  convinced  that  in  preference  to  any  of  the  above  an 
ampoule  filled  with  chlorine  water  of  medium  concentration  fur- 
nishes the  best  portable  form  of  chlorine  as  a  sterilizing  agent  for 
relatively  small  quantities  of  water. 

Chlorine  water,  although  of  very  unstable  character  when  made 
under  commercial  conditions  where  impurities  capable  of  catalytic 
influence,  exposure  to  light,  escape  of  chlorine  into  the  air,  etc., 
are  possible,  yet  if  made  under  conditions  of  the  utmost  clean- 
liness and  elimination  of  all  of  the  above  factors  for  premature 
decomposition,  is  a  very  stable  compound,  much  more  so  than 
bleaching  powder  and  most  of  its  equivalents. 

These  ampoules  are  at  present  made  in  two  sizes — one  contain- 
ing sufficient  chlorine  to  sterilize  one  fifty-gallon  barrel  of  water, 
and  the  other  smaller  one  for  canteen  size,  or  approximately  one 
quart. 

An  additional  advantage  over  the  use  of  hypochlorites  is  that 
nothing  but  chlorine  gas  and  water  enters  the  water  to  be  steri- 
lized. All  lime,  soda,  salts,  etc.,  are  absent.  The  canteen  size  is 
of  a  form  and  so  small  that  it  can  easily  be  carried  by  a  man  in 
his  cigarette  case  and  is  always  ready  for  instantaneous  use  with- 
out any  necessity  of  waiting  for  dissolving,  settling,  etc.  An  im- 
portant factor  in  this  respect  is  that  chlorine  water,  when  made 
and  sealed  into  tubes  under  proper  precautions,  is  less  liable  to 
decomposition  through  body  temperature  than  bleaching  powder. 

Another  large  use  to  which  chlorine  has  been  applied  in  the 
present  war  is  the  sterilization  of  infected  wounds,  for  which 
purpose  Dr.  Carrel  of  the  Rockefeller  Institute  has  worked  out 
a  very  ingenious  method  of  keeping  the  entire  surface  of  the 
wound  saturated  with  the  solution. 

The  solution  as  prepared  first  by  Dr.  Dakin,  working  in  con- 
junction with  Dr.  Carrel,  contains  0.45  to  0.50  percent  available 
chlorine,  and  small  amounts  of  sodium  carbonate  and  bi-carbonate, 
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but  no  free  caustic,  and  was  made  by  dissolving  certain  amounts 
of  bleaching  powder  in  water,  precipitating  the  lime  with  a  definite 
quantity  of  sodium  carbonate  and  bi-carbonate,  allowing  it  to 
settle  and  filtering  the  settled  solution. 

Apart  from  the  inconvenience  and  amount  of  time  (12  to  24 
hours)  required  for  the  settling  and  filtering,  the  necessity  of  test- 
ing for  available  chlorine  before  and  after  the  addition  of  soda 
caused  great  inconvenience.  In  order  to  be  effective,  0.45  to  0.50 
percent  of  available  chlorine,  as  mentioned  above,  must  be  present. 
If  below  0.45,  it  is  lacking  in  efficiency,  if  above  0.50,  it  is  irritating 
to  the  surface  of  the  wovmd. 

Recognizing  these  drawbacks,  we  have  recently  developed  a 
method  by  which,  instantaneously,  a  clear  solution  of  absolutely 
definite  strength  can  be  obtained.  The  method  consists  in  sealing 
exactly  five  grams  of  Hquid  chlorine  in  glass  ampoules,  which 
represent  tubes  of  about  8  to  9  mm.  outside  diameter,  ^  to  ^  mm. 
wall,  20  to  23  cm.  long. 

These  ampoules  before  leaving  the  laboratory  are  tested  at  a 
temperature  of  75°  C,  which  raises  the  pressure  of  liquid  chlorine, 
which  at  ordinary  temperatures  is  about  80  to  90  pounds  per  square 
inch,  to  over  350  pounds.  In  view  of  this  immense  pressure,  the 
slight  wall  thickness  of  the  glass  ampoules  necessary  is  remarkable. 

In  order  to  prepare  the  solution,  one  liter  of  water  is  poured 
into  a  two  and  one-half  liter,  so-called  acid  bottle.  A  tube  con- 
taining an  amount  of  soda  sufficient  to  absorb  the  five  grams  of 
chlorine  together  with  the  necessary  excess  of  alkali,  as  required 
by  Dr.  Carrel's  directions,  is  emptied  into  the  water  and  dissolved 
by  shaking.  The  liquid  chlorine  ampoule  is  suspended  pendulum- 
like with  its  butt  end  fastened  in  a  short  piece  of  rubber  tubing 
attached  to  the  lower  end  of  the  rubber  stopper  closing  the  bottle. 
The  bottle  is  now  covered  with  a  canvas  bag  and  the  ampoule 
broken  inside  of  the  bottle  in  contact  with  the  alkali  solution  by 
violent  shaking.  Shaking  is  continued  for  a  few  more  seconds 
to  make  sure  that  all  the  chlorine  is  absorbed  and  the  solution  is 
then  ready  for  immediate  application.  Frequent  tests  of  its 
strength  have  never  varied  more  than  from  0.47  to  0.50  percent 
available  chlorine,  and  it  is  therefore  well  within  the  requirements. 
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The  method  of  suspending  the  ampoule  in  the  bottle  causes 
almost  instantaneous  breakage  of  its  tip,  without  any  detriment  to 
the  bottle  itself.  Before  we  used  the  attachment  for  suspending 
the  ampoule,  we  broke  quite  a  few  bottles,  not  by  the  pressure  of 
the  chlorine  suddenly  liberated,  which  is  amply  taken  care  of  by 
the  air  space  provided,  but  the  recoil  of  the  ampoule,  which  is  now 
taken  up  by  the  rubber  stopper,  was  of  such  force  as  to  punch  a 
hole  clear  through  the  wall  of  the  bottle  as  round  and  clean  as  a 
bullet  hole. 

For  large  field  hospitals,  in  which,  from  one  to  five  fifty-gallon 
barrels  of  this  hypochlorite  solution  are  used  daily,  the  ampoule 
method,  though  entirely  satisfactory,  would  no  doubt  be  too 
■expensive  in  the  long  run. 

To  meet  this  novel  situation  (fortunately  possible  only  under 
the  present  war  conditions)  a  non-returnable  metal  package  has 
been  devised,  containing  945  grams  of  liquid  chlorine,  which, 
together  with  a  package  containing  the  corresponding  amount  of 
alkali,  need  only  to  be  dissolved  completely  in  fifty  gallons  of 
water  to  yield  at  once  the  finished  solution  of  standard  strength. 

The  above  figures  of  one  to  five  barrels,  or  190  to  850  liters,  of 
hypochlorite  solution  per  day  per  hospital  may,  though  insuffi- 
ciently, convey  a  faint  idea  of  the  awful  sufferings  of  mankind 
on  the  other  side,  particularly  if  one  is  simultaneously  conscious 
of  the  fact  that  the  solution  is  applied  to  infected  wounds  only, 
and  that  not  more  than  120  to  250  c.c.  is  required  per  wound  per 
24  hours. 

Only  in  the  light  of  such  figures  and  the  records  of  results  ac- 
complished can  the  revolutionizing  influence  of  chlorine  steri- 
lization be  properly  appreciated. 

According  to  several  authors  mentioned  in  Wm.  O'Neill 
Sherman's  article  on  this  subject,  in  "Surgery,  Gynecology  and 
Obstetrics,"  80  percent  of  amputations  are  due  to  infections,  and 
75  percent  of  the  deaths  occurring  after  the  first  24  hours  are  due 
to  the  same  cause,  whereas  Dr.  Carrel's  results  with  chlorine  as 
sterilizing  agent  in  the  hospital  at  Compiegne  show  a  record  of 
99  percent  of  the  infected  wounds  healed. 
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President  C.  G.  Fink^:  The  Carrel  and  Dakin  treatment,  re- 
ferred to  in  Air.  Marshall's  paper,  is  working  wonders  for  our 
Red  Cross  mission.  To  be  able  to  transport  chlorine  in  liquid 
form,  and  to  produce  a  strong  sterilizing  solution  in  the  simple 
manner  here  described,  is  a  valuable  step  forward.  This  new- 
method  of  wound  sterilization,  as  outlined  by  Mr.  Marshall,  is 
a  great  improvement  over  the  old. 

W.  B.  ScHULTE" :  Another  practical  way  of  carrying  chlorine 
for  sterilizing  is  in  combination  as  sodium  chloride,  from  which 
it  can  be  liberated  by  electrolysis.  A  small  and  practical  device 
to  accomplish  this  consists  of  two  graphite  electrodes  2  cm.  in 
diameter,  on  conducting  rods  connected  to  a  socket,  and  a  4.5- 
volt  pocket  flash-light  battery.  Between  the  electrodes  is  a  round 
disc  of  filter  paper  which  has  been  impregnated  with  the  sodium 
chloride.  The  entire  outfit  of  battery  and  sterilizer  weighs  only 
six  ounces. 

When  the  electrodes  are  immersed  in  a  cup  of  water,  a  strong 
solution  of  sodium  chloride  is  formed  between  them  in  the  paper 
and  electrolysis  takes  place  with  the  formation  of  the  usual  prod- 
ucts, including  chlorine  and  sodium  hypochlorite.  The  action 
is  indicated  by  bubbles  which  immediately  arise  from  the  elec- 
trodes, and  after  a  few  seconds  the  characteristic  odor  of  chlorine 
is  noticeable.  No  salt  taste  is  imparted  to  the  water,  as  the 
amount  which  goes  into  solution  is  so  small ;  the  chlorine  odor, 
which  is  not  always  disagreeable,  disappears  after  a  short  time. 

It  takes  only  a  few  seconds  to  liberate  enough  chlorine  to 
sterilize  a  cup  of  water,  but  it  is  usual  to  sterilize  for  a  minute, 
during  which  time  the  electrodes  are  used  as  a  stirrer  to  mix  the 
chlorine  into  the  Water.  A  small  tubular  flash-light  battery  has 
enough  energy  to  sterilize  from  500  to  1,500  liters  of  water  under 
these  conditions — enough  to  supply  a  man   for  several  months. 

The  device  is  not  dependent  on  the  use  of  a  flash-light  battery, 

'  Director  of  Research,  Chile  Exploration   Co.,   New  York  City. 
^  Burgess  Laboratories,   Mariison,   Wis. 
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as  a  small  hand-operated  generator  weighing  ly^  pounds  will 
also  provide  the  proper  energy. 

The  concentration  of  chlorine  of  course  is  small,  and  the  ster- 
ilized solution  is  not  strong  enough  to  disinfect  wounds  for  the 
Carrel  and  Dakin  treatment,  but  it  has  been  demonstrated  that 
the  device  sterilizes  drinking  water  quickly.  Bacteriologists  who 
have  experimented  with  it  are  astonished  at  the  rapidity  of  action 
and  we  attribute  it  to  the  activity  of  the  chlorine  in  the  nascent 
condition. 

A  summary  of  some  of  the  tests  conducted  with  the  device  are 
as  follows : 

1.  200  cc.  of  inland  lake  water  was  treated.  One  cc.  of  water 
was  removed  every  half  minute  and  tested  for  bacteria.  The 
\mtreated  water  contained  325  bacteria  per  cc.  After  one-half 
minute  sterilization  this  was  reduced  to  five.  The  five  bacteria 
which  were  left  were  the  harmless  spore  formers,  which  are  not 
attacked  by  chlorine. 

2.  A  fresh  typhoid  culture  was  added  to  200  cc.  of  water, 
bringing  the  count  up  to  1^4  million  per  cc,  which  is  an  ex- 
tremely strong  concentration.  After  two  minutes  electrolysis 
the  water  was  practically  sterile.  The  bacteria  which  were  left 
were  not  typhoid. 

3.  To  lake  water  containing  2,000  bacteria  per  cc.  was  added 
600,000  typhoid  per  cc.  After  four  minutes  sterilization  four 
bacteria  were  left.  A  microscopic  examination  showed  these  to 
be  higher  bacteria  and  spore  formers.     No  typhoid  was  present. 

W.  D.  Marshal!,  (Communicated)  :  The  small  portable  appa- 
ratus for  sterilizing  drinking  water,  as  described  by  W.  B.  Schulte, 
seems  to  be  indeed  very  handy  and  ingenious,  and  the  weight  of 
only  six  ounces  for  the  entire  outfit  is  very  small. 

However,  despite  these  advantages,  I  am  uncertain  as  to 
whether  a  soldier  in  the  field  would  prefer  an  electrolytic  outfit 
of  this  type  to  a  glass  ampoule,  as  described  above,  containing  a 
measured  amount  of  chlorine  water  sufficient  in  quantity  for  in- 
stantaneous sterilization. 

It  seems  to  be  the  general  tendency  to  give  preference  to  mate- 
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rials  marketed  in  definitely  measured  unit  quantities.  This  tend- 
ency of  the  public  in  general,  as  well  as  of  professional  men,  such 
as  physicians,  etc.,  can  be  observed  daily,  and  while  an  electro- 
lytic cell  of  large  type  could  perhaps  be  constructed  for  large 
disinfecting  units,  yet  I  doubt  if  it  could  overcome  the  compe- 
tition of  tablets  or  ampoules  for  the  requirements  of  the  indi- 
vidual soldier. 


A  fiapcr  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chciuical  Society,  in  Pittsburgh,  October 
5,  1917,  President  Fink  in   the  Chair. 


THE  APPLICATION  OF  RADIUM  IN  WARFARE 

By  Charlks  H.  \"iol  and  Glknn   D.   Kammkr.* 

[Abstract.] 

The  sources  of  radium  are  described,  and  its  extraction  briefly 
noted.  The  use  of  radium  tubes  in  therapy  is  alluded  to.  The 
making  of  luminous  paint,  consisting  of  crystalline  hexagonal 
zinc  sulphide  with  from  0.025  to  0.30  milligram  of  radium  per 
gram  of  sulphide,  is  described  in  some  detail,  and  the  factors 
which  control  its  luminosity  and  its  active  life  are  discussed  at 
length.  Various  applications  of  this  paint  are  described,  and  the 
best  kind  of  composition  for  various  purposes  discussed. 


While  the  production  of  radium  is  not  carried  out  by  electro- 
chemical processes,  the  action  of  this  wonderful  material  is  so 
intimately  bound  up  with  electrical  effects  that  it  is  not  inappro- 
priate to  consider  the  applications  of  radium  in  warfare  in  this 
symposium. 

It  was  in  Pittsburgh  in  1913  that  a  pure  radium  salt  was  first 
prepared  in  America  in  the  Research  Laboratory  of  the  Standard 
Chemical  Company,  and  since  then  Pittsburgh  has  fairly  earned 
the  distinction  of  being  the  world's  greatest  radium-producing 
center.  In  the  midst  of  industries  whose  output  is  measured  in 
thousands  or  millions  of  tons,  an  industry  whose  total  output  in 
n6arly  five  years  amounts  to  about  one  ounce  is  likely  to  seem 
small,  yet  this  production  of  radium  by  the  Standard  Chemical 
Company,  of  Pittsburgh,  is  the  most  notable  of  any  in  the  world, 
and  the  output  represents  more  than  a  fourth  of  the  estimated 
total  world's  stock  of  high  purity  radium.  This  radium  is  pro- 
duced from  carnotite,  a  uranyl  vanadate,  mined  in  southwestern 
Colorado  and  southeastern  Utah. 

•  Research   Chemists,    Standard   Chemical   Company,   Pittsburgh. 
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From  three  hundred  to  five  hundred  tons  of  the  available  low 
grade  carnotite  must  be  treated  to  yield  one  gram  of  radium  ele- 
ment in  the  form  of  a  high-grade  salt.  The  raw  ore  is  first  con- 
centrated mechanically,  this  being  possible  because  of  the  makeup 
of  the  ore,  which  consists  mainly  of  a  sandstone  impregnated  or 
cemented  by  the  carnotite  material.  The  concentrates  carry  ap- 
proximately 10  milligrams  of  radium  per  ton,  and,  after  removal 
of  the  vanadium  and  uranium,  are  treated  to  yield  all  the  barium 
in  the  ore,  this  barium  carrying  with  it  the  radium.  Radium 
barium  chloride  containing  about  one  part  of  radium  per  500,000 
parts  is  then  subjected  to  a  process  of  fractional  crystallization 
which  ultimately  gives  a  nearly  pure  radium  salt,  together  with 
barium  salt  tailings  which  contain  less  than  one  two-hundredth  of 
the  original  radium. 

Radium  has  found  an  important  place  in  therapy  and  in  this 
field  it  may  be  considered  as  a  war  material,  since  it  is  the  most 
valuable  agent  known  for  the  treatment  of  scars  and  keloids, 
resulting  from  wounds  and  burns,  and  certainly  war  increases 
greatly  the  number  who  require  treatment  for  such  conditions. 
Radium  tubes  applied  in  chronic  infected  wounds  cause  remarkable 
effects  in  hastening  the  healing  of  these  often  most  intractable 
conditions.  For  those  interested  in  this  phase  of  the  use  of  radium 
I  will  cite  the  papers  of  Dr.  W.  H.  Cameron  in  the  Pennsylvania 
Medical  Journal,  Vol.  XIX,  449-53,  March  1916,  and  Dr.  J. 
Barcat,  in  Le  Progres  Medical,  May  20,  1916,  where  the  subject 
is  well  summarized. 

A  use  of  radium  which  has  a  more  direct  application  in  warfare, 
and  which  now  is  becoming  of  almost  as  great  importance  as  the 
medical  use,  is  in  the  production  of  the  so-called  permanently 
luminous  compounds.  This  luminous  material  finds  a  wide  range 
of  uses  in  all  forms  of  dials  and  indicators  that  must  be  seen  in 
darkness  or  semi-darkness.  One  most  important  use  is  on  the 
instruments  of  aeroplanes,  for  night  flying.  The  intensity  of  the 
luminescence  of  this  compound  is  such  that  the  accommodation 
of  the  eyes  is  not  impaired,  as  would  be  the  case  if  a  brilliant 
electric  light  were  used,  and  so  observations  of  the  surroundings 
can  be  made  more  readily.  With  a  luminous  dialed  instrument 
there  is  not  the  danger  that  a  defective  battery  or  generator  or  a 


APPLICATION  OF  RADIUM  IN  WARFARE;.  383 

broken  wire  or  bulb  would  entail,  the  luminous-dialed  instruments 
being  useful  until  the  instrument  itself  is  out  of  commission. 

The  production  of  a  suitable  luminous  compound,  the  methods 
of  applying  this  compound,  and  the  methods  used  to  check  the 
luminosity  of  the  compound  before  and  after  application,  have  all 
presented  problems  of  some  difficulty,  and  since  much  remains  to 
be  done  in  this  field,  a  brief  discussion  of  these  points  is  not 
without  interest. 

Phosphorescent  compounds  are  those  which  when  exposed  to 
suitable  light  are  capable  of  storing  up  some  of  the  energy,  which 
is  subsequently  emitted  in  the  form  of  light.  A  number  of  phos- 
phorescent substances  are  known  in  which  the  luminescence  per- 
sists for  some  time.  Of  these,  the  best  known  was  the  specially 
prepared  calcium  sulphide,  which  formed  the  base  of  Balmain's 
patented  luminous  paint.  However,  exposure  to  light  is  absolutely 
essential  to  the  production  of  any  degree  of  luminescence,  and 
after  such  exposure  this  material  emits  a  bluish  light  for  only 
several  hours.  It  was  first  used  about  1877  on  watch  and  clock 
dials,  etc.,  but  was  practically  discarded  about  twenty  years  ago, 
largely  because  of  the  necessity  of  first  exposing  the  articles  to 
light  to  render  the  luminous  paint  effective. 

Early  in  this  century,  after  the  discovery  of  radium  and  other 
strongly  radioactive  substances,  such  as  actinium,  it  was  found 
that  the  rays  of  the  radioactive  substances  were  capable  of  exciting 
certain  materials  to  the  emission  of  visible  light,  even  when  not 
previously  exposed  to  light — the  necessary  energy  being  supplied 
from  the  radioactive  material.  Of  all  known  materials  phosphor- 
escent zinc  sulphide,  so-called  "Sidot's  hexagonal  blende,"  gives 
the  greatest  luminescence  when  exposed  to  the  rays  of  radium, 
most  of  the  light  from  the  zinc  sulphide  being  due  to  the  numerous 
scintillations  produced  by  the  bombarding  of  the  zinc  sulphide 
crystals  by  the  alpha  rays. 

Phosphorescent  zinc  sulphide  consists  of  a  specially  prepared 
crystalline  form  of  zinc  sulphide  which,  when  mixed  with  an 
amount  of  radium,  continues  to  emit  a  greenish  yellow  light,  the 
intensity  of  the  luminescence  being  dependent  on  the  quality  of 
the  zinc  sulphide  and  the  proportion  of  radium  used. 

It  has  been  known  that  many  phosphorescent  substances  respond 
strongly  to  the  action  of  ultra-violet  rays  and  X-rays;  however, 
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the  substances  which  are  very  luminescent  under  the  action  of 
these  rays  (such  for  example  as  Balmain's  calcium  sulphide,  and 
native  willemite),  do  not  necessarily  produce  the  brightest  lumin- 
ous mixtures  when  radium  is  added.  To  test  the  suitability  of  any 
given  material,  it  is  either  necessary  to  add  radium  directly  to  the 
substance  and  compare  the  resulting  luminosity  with  that  of  a  good 
grade  of  zinc  sulphide  containing  an  equivalent  amount  of  radium, 
or  otherwise  to  bring  alpha  rays  to  play  on  the  materials.  We 
have  found  a  polonium  plate  about  20  miUimeters  in  diameter 
most  useful,  since  this  preparation  emits  an  intense  alpha  radiation. 
With  a  suitable  polonium  plate  a  superficial  luminescence  can  be 
obtained  in  zinc  sulphide  equal  to  that  obtained  by  the  addition 
of  several  hundred  micrograms  of  radium  per  gram  of  zinc  sul- 
phide. By  holding  this  plate  over  two  adjacent  specimens  of  zinc 
sulphide  or  other  material,  it  is  very  easy  to  determine  the  relative 
Values  of  their  alpha  ray  luminescence. 

For  five  years  we  have  sought  in  the  Research  Laboratory  of 
the  Standard  Chemical  Company  to  improve  the  quality  of  zinc 
sulphide,  so  that  a  given  amount  of  radium  per  gram  of  zinc 
sulphide  would  yield  the  maximum  luminescence.  In  this  quest 
we  feel  that  we  have  been  successful,  and  so  far  we  have  not 
found  material  made  elsewhere  which  equals  our  zinc  sulphide. 
Naturally  we  cannot  go  into  the  details  of  the  making  of  this 
zinc  sulphide,  but  suffice  it  to  say  that  in  addition  to  fulfilling  the 
requirements  with  regard  to  luminosity,  the  material  also  is  satis- 
factory as  regards  the  fineness  of  the  powder  (important  in  the 
application  of  the  compound),  and,  because  of  its  high  luminosity, 
the  luminous  compound  has  as  long  an  effective  life  as  is  to  be 
obtained  with  zinc  sulphide.  Our  "Luma"  containing  215  micro- 
grams of  radium  per  gram  now  shows,  for  example,  a  luminosity 
2.4  times  that  required  by  the  National  Physical  Laboratory  to 
pass  the  Admiralty  Standard,  which  requires  the  use  of  the  above 
proportion  of  radium. 

The  luminescence  of  the  zinc  sulphide  is  roughly  proportional 
to  the  radium  content,  falling  oft"  somewhat  as  increasingly  large 
amounts  of  radium  are  added.  Commercially  luminous  compound 
is  in  use  containing  from  25  to  300  micrograms  (millionths  of  a 
gram)  of  radium  element  per  gram  of  the  mixture.  Careful 
photometric  tests  have  demonstrated  that  the  rate  of  decay  of  the 
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luminescence  is  proportional  to  the  amount  of  radium,  so  that 
compounds  which  initially  are  brightest  show  the  most  rapid 
falling  off  in  luminescence,  while  compounds  containing  propor- 
tionally less  radium  are  not  initially  so  brilliant,  but  have  a  longer 
effective  life. 

The  decay  in  the  luminescence  of  compounds  in  which  radium 
is  the  exciting  agent  is  not  due  to  change  in  the  radioactive  sub- 
stances, since  it  is  well  known  that  radium  changes  so  slowly  as 
to'require  1,700  years  for  its  half  decay — approximately  l/25th  of 
1  percent  change  taking  place  in  one  year.  The  change  in  the  zinc 
sulphide,  however,  is  not  so  slow,  which  accounts  for  the  dimin- 
ishing luminescence  of  the  compound  with  time.  There  are  many 
points  in  connection  with  light  emission  from  zinc  sulphide  that 
still  remain  to  be  explained.  However,  it  may  be  said  that  the 
behavior  of  the  substance  indicates  a  capacity  for  sending  out  only 
a  certain  total  amovmt  of  light,  so  that  where  a  greater  luminosity 
is  excited  by  the  use  of  a  larger  proportion  of  radium,  the  life  of 
the  zinc  sulphide  is  proportionately  shortened. 

It  is  evident,  then,  that  there  are  two  points  of  great  importance 
to  be  considered  by  the  purchaser  of  luminous  compounds — the 
initial  luminosity  as  determined  by  a  photometric  test,  and  the 
quantity  of  radium  or  other  radioactive  substance  used  per  gram 
of  the  compound.  These  two  points  must  be  known,  for  the 
luminosity  of  the  material  alone  cannot  be  regarded  as  a  criterion 
of  its  quality,  since  it  is  possible  to  produce  a  suitably  high 
luminosity  in  an  inferior  quality  of  zinc  sulphide  by  the  use  of  a 
relatively  large  amount  of  a  cheaper  radium  substitute — meso- 
thorium  or  radiothorium — the  commercial  supply  of  which,  so 
far  as  we  are  aware,  is  all  of  German  origin.  While  the  price  and 
initial  luminosity  of  such  material  might  compare  favorably  with 
that  of  a  compound  made  with  a  superior  zinc  sulphide  containing 
radium,  it  is  evident  that  the  Hfe  of  the  inferior  product  would  be 
proportionally  shorter,  because  of  the  increased  amount  of  radio- 
active substances  used  to  give  the  necessary  luminosity.  Since  the 
price  of  the  luminous  compound  is  dependent  largely  on  the 
radium  content,  it  is  only  reasonable  that  the  purchaser  shall  be 
advised  of  the  radium  content.  The  manufacturers  who  are  using 
mesothorium  and  radiothorium  are  not  able  to  say  definitely  how 
much  of  these  products  they  use,  because  of  the  analytical  diffi- 
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culties  in  the  quantitative  determination  of  these  products  and 
the  comparatively  rapid  rates  of  decay  of  mesothorium  and 
radiothorium. 

In  the  application  of  the  luminous  compound  for  its  various 
uses  it  is  mixed  with  a  suitable  vehicle,  usually  some  form  of  clear 
transparent  varnish,  the  resulting  thick  paint  being  applied  by 
means  of  a  fine  stifif-haired  brush  or  a  fine  stylus.  The  difficulties 
to  be  overcome  in  this  con.-*iction  are  dependent  on  the  nature  of 
the  material  and  surface  to  be  painted,  as  well  as  the  nature  of  the 
surroundings.  Paper,  porcelain,  mica,  and  metal  dials  of  all  sorts 
bearing  figures  and  lines  are  now  used.  In  the  liquid-damped 
compasses,  such  as  the  aero-compasses,  the  card  floats  in  alcohol, 
thus  introducing  a  further  requirement  that  the  luminous  paint 
resist  the  action  of  this  solvent.  The  varnish  most  suitable  for 
this  purpose  is  yet  to  be  found.  For  some  instruments,  such  as 
aeroplane  instruments,  the  requirements  of  luminosity  are  of  most 
importance  and  outweigh  the  other  considerations  of  cost  and 
length  of  effective  life.  For  such  purposes  the  grades  of  luminous 
compound  are  prepared  which  give  the  highest  initial  luminosity, 
due  to  a  larger  proportion  of  radium,  and  having,  consequently, 
a  shorter  effective  life.  For  many  other  purposes,  such  as  the  use 
on  marching  compasses,  wrist  watches,  etc.,  luminous  compound 
of  lower  initial  luminosity  is  recommended,  and  this  material  has 
the  advantage  of  lower  cost  and  longer  life. 

The  methods  for  the  exact  photometric  measurement  of  the 
luminosity  of  these  compounds  have  not  yet  been  worked  out  so 
as  to  be  entirely  satisfactory,  by  reason  of  the  inherent  difficulties 
in  matching  faint  luminosities,  particularly  where  the  standard 
varies  somewhat  in  color  from  the  light  emitted  from  the  com- 
pound. A  great  deal  of  photometric  work  of  this  sort  has  been 
done  at  the  National  Physical  Laboratory,  ^eddington,  England. 
In  December,  1915,  the  British  Admiralty  requirement  for  lumin- 
ous compounds  for  use  on  aeroplane  compasses  and  indicating 
dials  set  as  the  standard  (100  percent)  the  luminosity  of  the  best 
grade  of  phosphorescent  zinc  sulphide  activated  by  the  addition 
of  0.40  milligrams  of  pure  crystalline  radium  bromide  (equivalent 
to  215  micrograms  of  radium  element)  per  gram  of  the  compound. 

In  the  June  15,  1917,  number  of  the  Proceedings  of  the  Physical 
Society  of  London,  Patterson,  Walsh  and  Higgins  contribute  an 
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extensive  paper  on  "An  Investigation  on  Radium  Luminous  Com- 
pounds" which  they  have  been  carrying  on  at  the  National  Physical 
Laboratory  in  answer  to  a  request  by  the  British  Admiralty  for 
information  and  assistance  in  connection  with  the  use  of  the  com- 
pound for  dials  of  instruments  used  in  the  Navy.  Since  our 
interest  has  been  in  the  production  of  the  compound  rather  than 
quantitative  determination  of  its  luminosity,  we  would  refer  any 
one  interested  to  the  paper  cited  for  the  best  information  now 
available  on  the  subjects  of  the  measurements  of  the  luminosity 
and  radium  content  of  radium  luminous  compounds,  the  measure- 
ment of  the  luminosity  of  the  markings  of  luminous  dials,  the  best 
dimensions  for  luminous  markings  to  secure  maximum  legibility, 
data  regarding  the  decay  of  luminous  compound,  both  in  the  dry 
powder  form  and  after  application  to  dials,  and  considerations 
governing  the  choice  and  specification  of  radium  luminous 
compound. 

With  regard  to  the  decay  of  luminosity  of  the  material,  it  is 
found  that  the  luminosity  of  the  mixture  increases  for  the  first 
two  to  three  weeks  after  the  radium  is  mixed  with  the  zinc 
sulphide,  when  a  solution  of  radium  salt  is  used.  Where  a  dry 
radium  salt  is  used  the  maximum  is  attained  sooner,  since  there 
is  less  loss  of  emanation  by  this  method.  For  a  grade  of  compound 
containing  215  micrograms  of  radium  per  gram  of  mixture,  the 
National  Physical  Laboratory  measurements  show  for  the  dry 
powder  an  almost  logarithmic  rate  of  decay  from  the  maximum 
for  about  200  days,  after  which  the  rate  of  decay  becomes  smaller 
than  required  by  an  exponential  law.  After  about  500  days  the 
luminosity  seems  to  reach  a  value  that  is  sensibly  constant, 
according  to  Patterson,  Walsh  and  Higgins,  although  these  authors 
state  that  further  measurements  will  be  required  to  settle  this 
point  definitely.  For  the  compound  mentioned  above,  the  lumin- 
osity fell  to  50  percent  of  the  maximum  luminosity  in  about  130 
days  after  the  preparation  of  the  mixture,  and  by  500  days  the 
luminosity  had  fallen  to  about  22  percent  of  the  maximum. 

When  the  luminosity  of  the  same  grade  of  compound  (215 
micrograms  per  gram  of  mixture)  is  determined  after  application, 
the  maximum  luminosity  is  found  to  be  from  Ys  to  j4  oi  the 
maximum  luminosity  of  the  dry  powder,  and  the  effective  Hfe  is 
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longer,  requiring  about  a  year  for  the  half  decay  as  compared 
with  130  days  for  the  dry  powder. 

The  measurements  on  the  decay  of  luminosity  of  dry  powders 
of  different  radium  content  show  that  those  with  less  radium  per 
gram  of  mixture  decay  more  slowly,  and  the  rate  of  decay  of 
luminosity  in  the  applied  material  has  been  found  to  correspond 
roughly  with  the  decay  rate  for  a  dry  powder  having  the  corres- 
ponding luminosity. 

For  watches  and  push  buttons,  etc.,  of  a  better  grade,  an  effec- 
tive life  of  ten  years  or  more  is  desirable,  and  assuming  that  a 
luminosity  of  25  percent  of  the  original  is  still  satisfactory,  it  can 
be  said  that  a  compound  containing  between  50  and  100  micro- 
grams of  radium  element  per  gram  of  mixture  should  answer  this 
requirment.  Compovmds  with  more  radium  than  this  would 
have  a  shorter  eft'ective  life,  and  compounds  with  a  smaller  pro- 
portion of  radium,  a  longer  eft'ective  life. 

Radium  Research  Laboratory, 
Standard  Chemical  Company, 
Pittsburgh,  Penna. 
August,  1917. 
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George  F.  Kunz'  (^Communicated)  :  To  prevent  a  misconcep- 
tion, I  wish  to  state  (although  I  regret  exceedingly  to  do  so)  that 
I  note  with  some  surprise  that  this  paper  fails  to  make  any  refer- 
ence to  the  early  workers  in  this  field.  Apparently  the  authors 
were  ignorant  of,  or  purposely  ignored,  the  early  work  done  by 
me,  in  evidence  of  which  there  are  patents  issued  by  the  United 
States  Government,  the  first  in  1903,  on  things  which  they  bring 
forward  as  "new." 

I  applied  radium  mixtures  to  the  first  watch  that  ever  had 
markers  and  hands  coated  with  a  radium  compound,  and  also 
made  many  other  like  objects  in  reference  to  which  my  patents 
may  be  referred  to ;  and  have  also  been  instrumental  in  drawing 
attention  to  many  of  those  who  have  used  this  method. 

'  Tiffany  &  Co..  New  York  City. 
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President  C.  G.  Fink-  :  Among  the  applications  of  this  lumi- 
nous compound,  one  is  very  interesting,  and  that  is  the  illumina- 
tion of  gun  sights.  A  number  of  big  guns  have  been  thus 
equipped.  Mr.  Miner,  has  radio-active  thorium  been  used  for 
these  gun  sights  ? 

H.  S.  MiNER^ :  Not  to  my  knowledge.  Mesothoriuni  has  been 
used  in  that  connection. 

N.  E.  DoRSEY* :  As  stated  by  Dr.  Viol,  it  is  currently  believed 
that  a  logarithmic  relation  exists  between  the  brightness  of  a 
radium  luminous  material  and  the  time,  at  least  in  the  early  por- 
tion of  the  material's  life  following  the  initial  irregularities  due 
to  the  accumulation  of  the  radio-active  derivatives  of  the  con- 
tained radium.  Observations  made  at  the  Bureau  of  Standards 
do  not  accord  with  this  belief,  but  indicate  that  the  relation  when 
the  material  is  continuously  protected  from  light  is  a  hyperbolic 
one,  at  least  over  a  range  of  about  300  days.  They  also  indicate 
that  the  various  brightness-time  curves  for  materials  composed 
of  the  same  zinc  sulphide  but  with  different  amounts  of  radium 

all  fix  the  same  hyperbola.     In  the  relation  B  = — ,     where 

a   --  bt 

B  =  brightness  and  t  =  time,  the  value  of  the  constant  a  for  a 
given  sulphide  is  approximately  inversely  proportional  to  the 
radium  content  per  gram  of  material,  and  b  is  independent  of  this 
content.  The  constant  b,  characteristic  of  the  sulphide,  deter- 
mines the  luminous  life  of  the  material  when  protected  from  light. 
The  value  of  a  per  unit  of  radium  content  (aj)  is  also  a  charac- 
teristic of  the  sulphide,  and  measures  its  sensitivity  to  alpha-vdiy 
excitation.  At  present  we  are  unprepared  to  state  what  relation, 
if  any,  exists  between  the  values  of  these  constants. 

Dr.  C.  H.  Viol  {Communicated)  :  Dr.  Kunz's  patents  on  lumi- 
nous compositions  are  well  known  to  Mr.  Kammer  and  myself — 
so  well,  in  fact,  that  I  would  point  out  that  Dr.  Kunz  is  in  error 
in  saying  they  were  granted  in  1903.  As  a  matter  of  fact,  while 
the  applications  were  filed  in  September  and  December,  1903,  the 
patents  were  not  granted  until  May  16,  1905,  after  rejections  and 
many  amendments  to  the  original  applications.     So   far  as  the 

*  Director  of  Research,  Chile  Exploration  Co.,  New  York  City. 

*  Chief  Chemist,  Welsbach  Light  Co.,  Gloucester,   N.   J 

*  Bureau  of  Standards,   Washington,   D.   C. 
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writers  are  aware,  Dr.  Kunz  has  made  no  great  efforts  to  follow 
up  the  development  and  improvement  of  radium  luminous  com- 
pounds, and  his  patents  on  luminous  compositions  have  only 
served  to  impede  in  the  United  States  an  industry  that  has  ad- 
vanced far  in  European  countries. 

Dr.  Kunz  originally  sought  a  patent  on  (Claim  1,  Application 
186,381,  issued  as  Patent  789,812)  "A  luminous  composition  con- 
taining a  radio-active  material  and  a  radio-active  responsive  mate- 
rial, substantially  as  described."  This  and  other  broad  claims, 
which  presumably  would  have  given  Dr.  Kunz  a  monopoly  on 
any  discoverable  self-luminous  mixture  consisting  of  any  radio- 
active substance  and  any  radio-responsive  materials,  was  rejected 
by  the  examiner,  after  the  patent  had  been  allowed,  because  the 
examiner  discovered  that  in  a  lecture  delivered  by  William  J. 
Hammer  before  a  joint  meeting  of  the  American  Institute  of 
Electrical  Engineers  and  the  American  Electrochemical  Society 
in  New  York  on  April  17,  1903,"'  the  lecturer  exhibited  to  the 
audience  a  test-tube  containing  a  mixture  of  zinc  sulphide  mixed 
with  radium.  Dr.  Kunz  finally  secured  a  patent  containing  sev- 
eral broad  claims,  one  claim  particularly,  No.  11,  for  "A  compo- 
sition containing  a  luminescent  compound,  a  radio-active  excitant 
and  a  vehicle,  of  radio-active  phosphorescent  compounds."  In 
view  of  the  earlier  English  patents  granted  to  Balmain  and  to 
others  on  the  applications  of  phosphorescent  calcium  sulphide  to 
watch  dials,  etc.,  it  is  difficult  to  see  the  patentable  novelty  of 
applying  radio-active  phosphorescent  zinc  sulphide  to  watches,  etc. 

It  is  evident  then,  we  think,  that  we  have  done  Dr.  Kunz  no 
injustice  in  omitting  to  mention  his  work,  more  particularly  as  we 
have  not  sought  to  give  the  impression  that  the  development  of 
radio-active  luminous  compositions  was  new  and  original.  What 
we  do  claim  is  that  we  have  prepared  a  very  superior  quality  of 
phosphorescent  zinc  sulphide,  which  serves,  with  radium,  for  the 
preparation  of  a  luminous  composition  of  high  luminescence. 

'  Trans.   Am.    Electrochem.    Soc,   3.   Appendix   page    15. 


A  paper  presented  at  the  Thirty-second 
General  Meeting  of  the  American  Electro- 
chemical Society,  held  in  Pittsburgh,  Octo- 
ber 4,  1917,  President  fink   in   the   Chair. 


SILVER  PEROXIDE  AND  THE  VALENCE  OF  SILVER 
By  H.  C.  P.  Weber.* 

[Abstract.] 

The  author  discusses  the  black  compound  formed  on  the  anode 
during  the  electrolysis  of  silver  nitrate  solution,  and  to  which  the 
formula  2Ag304.AgN03  has  been  ascribed.  He  discusses  the 
probable  valence  of  silver  in  the  oxide  part  of  this  formula, 
writing  it  either  Ag^AgO^  by  analogy  to  red  lead,  or  Ag(Ag02)2 
by  analogy  to  magnetic  iron  oxide.  His  various  electrolytic  ex- 
periments lead  him  to  conclude  that  the  last  formula,  Ag(Ag02)2. 
in  which  one-third  of  the  silver  is  cathodic  and  diatomic  and  two- 
thirds  anodic  and  triatomic,  is  in  harmony  with  his  experimental 
results.  This  would  make  Ag304  the  silver  salt  of  an  argentic 
acid. 


The  black  compound  which  is  formed  at  the  anode,  when  a  con- 
centrated silver  nitrate  solution  is  electrolyzed  at  rather  high 
current  density,  has  been  known  for  over  a  hundred  years.  Its 
character  is,  however,  still  imperfectly  known,  although  it  has 
been  prepared  and  examined  by  a  number  of  investigators.  Its 
particular  interest  lies  in  the  fact  that  it  appears  to  be  a  type  of 
silver  compounds  in  which  silver  has  a  valence  greater  than  one. 
As  the  time  seems  about  ripe  for  a  revision  of  some  of  our  cur- 
rent conceptions  of  valence  in  the  solid  state,  the  valence  of  silver, 
a  typically  monovalent  metal  of  the  first  group,  is  of  especial 
importance. 

In  a  recent  communication  to  this  Society  by  Mortimer  J. 
Brown^  a  resume  of  the  literature  on  the  subject,  and  a  very  care- 
ful study  of  the  composition  of  the  substance,  is  given.     The 

•  Research  Chemist,  Westinghouse  Electric  &  Manufacturing  Co.,  East  Pittsburgh,  Pa. 
'Trans.  Am.   Electrochem.   Soc,  30.  327   (1916). 
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result  arrived  at  is  that  the  brown  crystals  formed  at  the  anode 
may  be  represented  by  the  formula  2Ag30^. AgNO;^,  both  the 
coulometer  ratio  and  the  analysis  pointing  to  the  same  value. 

The  various  oxides  of  silver  considered  in  connection  with  the 
compound  which  has  been  called  silver  peroxynitrate,  have  been 
Ag.Oj,  AgoOa,  AgsO,,  Ag,03,  as  follows: 

AgoO^. — Wallquist,-  Fischer,"  Mahla,^  Mulder,^  (in  combina- 
tion with  Oo),  Mulder  and  Heringa®  and  Sulc^". 

■^^203. — Berthelot,'  Hampe,^  Brauner  and  Kuzma,®  Luther 
and  Pokorny.^" 

^§■304- — Mulder/^  jMulder  and  Heringa,^-  Sulc/'  Tanatar," 
Watson/"^  Brauner  and  Kuzma/®  Barbarovsky  and  Kuzma/^ 
Brown. ^* 

AgiOj. — Fischer/^  Sulc,-"  Luther  and  Pokorny.-^ 

Most  of  these  investigators  write  the  formula  with  a  certain 
ratio  of  AgNO,  included,  which  varies  somewhat  with  the  dif- 
ferent authors. 

The  dioxide  formulas  are  mainly  from  the  earlier  periods  of 
the  literature,  and  have  found  little  support  in  more  recent  work. 
Mulder  gives  the  formula  SAggOo .  Og .  AgNOj,  as  does  Sulc, 
which  is  based  upon  the  step-wise  reduction  to  AgoOo  hfy  ammo- 
nia and  by  water.  This  is  essentially  the  same,  however,  as 
2Ag304.AgN03.    Luther  and  Pokorny  have  proved  the  existence 

-Jour,  prakt.   Chem.,  31.    179   (1842). 

'Jour,  prakt.  Chem.,  33,  237   (1844). 

^Liebig's  Ann.,  82,  289   (1S52). 

5  Rec.  Trav.  chim.  Pays  Bas,  16,  57  (1897);  17,  57  (1898);  18.  91  (1899);  19, 
115,  165   (1900);  32,  385   (1913);  21,  405   (1903). 

^  Ibid,  15,  1,  236  (1896). 

«(7  Z.  anorg.  Chem.,  12.  89,  680  (1896);  24,  305   (1900). 

•Compt.  Rend.,  90,  653   (1880). 

•Chem.  Ztg.,   14,  1777  (1890). 

»  Ber.,  40,  3362  (1907). 

"Z.  anorg.  Chem.,  57,  290   (1908). 

"  Loc.  cit. 

1=  Loc.  cit. 

^^  Loc.  cit. 

"Z.  anorg.  Chem.,  28,  331    (1901). 

"J.  Chem.  Sec,  89,  578  (1906). 

"  Loc.  cit. 

"Z.  physic.   Chem.,  67,  48    (1909). 

"Trans.  Am.  Electrochem.    Soc,  30,   327    (1916) 

"  Loc.  cit. 

=0  Loc.  cit. 

"  Loc.  cit. 
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of  Ag-^,0.  by  a  study  of  the  potentials  at  the  anode,  but  have  not 
isolated  the  oxide. 

Brauner  and  Kuzma  considered  the  composition  of  the  sub- 
stance to  be  AgoO.AgsOo,  mainly  from  analogy  to  trivalent  gold 
and  copper  (?).  Luther  and  Pokorny  obtain  their  evidence  for 
trivalent  silver  from  the  measurement  of  the  potential  breaks  in 
silver  nitrate  solution,  as  the  step  following  the  dioxide.  For  the 
final  compound  they  deduce  the  formula  Ag^O.SAgoOg,  their 
analyses  being  made  electrochemically  with  the  small  quantities 
deposited  on  the  electrodes.  The  point  of  particular  importance 
here  is  the  fact  that  they  obtain  definite  evidence  for  the  two 
oxide  forms,  the  divalent  and  the  trivalent. 

Careful  quantitative  analysis  of  the  anode  product  in  quantity, 
and  of  the  processes  taking  place  both  at  the  anode  and  the 
cathode,  agree  best  with  the  formula  Ag304.xAgN03.  Thus 
Mulder's  formula  and  Sulc's  may  be  written  in  this  form.  Tana- 
tar's  analyses  corroborate  this  formula.  In  addition  he  has  pre- 
pared by  electrolysis  of  a  fluoride  solution  the  compound 
AgisFoOic,  which  may  be  written  4Ag304.3AgF.  Watson  finds 
a  similar  composition.  Barbarovsky  and  Kuzma,  in  a  detailed 
study  of  the  ratio  of  silver  carried  to  oxygen  liberated  in  a  par- 
allel coulometer,  together  with  the  changes  in  the  nitric  acid  con- 
centration at  the  electrodes,  arrive  at  the  composition  Ag304. 
At  the  same  time  their  results  eliminate  the  possibility  of  per- 
nitrate  formation.  They  believe,  together  with  Luther,  that  the 
additional  AgNOs  "^  the  product  is  not  an  essential  part  of  the 
formula.  Finally,  Brown  in  a  very  careful  comparison  of  the 
copper-silver  coulometer  ratio,  together  with  determinations  of 
the  composition  of  the  crystals,  decides  for  the  formula 
2Ag30,.AgN03. 

There  are  a  few  isolated  references  to  a  possible  Ag405.  Sulc 
in  his  first  article  decides  upon  3Ag405.2AgN03,  Fischer  pro- 
poses a  similar  formula,  and  Luther  and  Pokorny  find  indications 
of  this  oxide. 

Margaret  Bose--  finds  an  oxidation  potential  very  close  to  that 
of  Luther  for  Ag^Og,  about  1.5  V.,  which  is  practically  the  same 
for  sulphate  and  nitrate  solutions. 

-■-Z.  anorg.  Chem.,  44,  237   (1905);  44,  263   (1907). 
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The  weight  of  the  evidence  then  rests  with  the  formula  Ag304. 
The  question  of  the  role  of  the  AgNOg  accompanying  the  sub- 
stance is  not  so  clearly  answered.  Most  of  the  results  agree  on 
one  silver  nitrate  to  six  silver  in  the  oxide,  but  various  investi- 
gators find  1:1,  1 :4,  and  1 :5.  It  seems  reasonable  to  assume  that 
this  is  adsorbed  material  carried  down  from  the  concentrated 
solutions,  yet  its  constancy  and,  as  Brown  points  out,  the  large 
amount  of  it  (20  percent)  make  this  explanation  unsatisfactory. 
With  lower  concentration  of  the  silver  nitrate  in  the  electrolyte 
the  coulometer  ratio  drops  somewhat,  the  silver  percentage  not 
changing.  This  may  be  due  to  compensation  by  the  more  rapid 
decomposition  in  the  more  dilute  solution,  which  would  increase 
the  silver  percentage  in  the  precipitate. 

In  AggO^  we  must  assume  silver  with  a  valence  higher  than 
two.  The  work  of  Barbarovsky  and  Kuzma  precludes  the  inter- 
pretation of  the  substance  as  a  pernitrate.  Neither  can  the  con- 
ception of  these  salts  as  true  peroxides  be  maintained.  They  are 
not  produced  by  the  action  of  peroxides  and  do  not  yield  peroxide 
upon  decomposition.  Thus  a  nitric  acid  solution  of  the  peroxy- 
nitrate  was  decolorized  by  dilution  with  water  and  immediately 
poured  into  a  titanium  svdphate  solution.  The  test  did  not  yield 
a  trace  of  the  peroxide  reaction.  Similar,  results  have  been  re- 
ported before.  The  compound  must  therefore  be  considered  as 
a  true  mixed  oxide.  There  are  two  possibilities  for  AggO^,  one 
in  which  we  have  di-  and  tetravalent  silver,  Ag.AgO^  being 
formed  in  analogy  to  red  lead ;  the  second  in  which  we  have  di- 
and  trivalent  silver,  Ag(AgO.)o  in  analogy  to  ferroso-ferric  oxide. 
In  either  case  the  higher  oxide  should  show  some  acidic  proper- 
ties, and  it  was  to  find  evidence  of  this  that  the  following  experi- 
ments were  carried  out. 

EXPERIMENTAL. 

The  black  oxide  formed  is  quite  soluble  in  nitric  acid  and  fairly 
stable  in  such  solutions,  the  color  being  discharged  only  in  24  to 
36  hours  if  the  solution  is  kept  cold.  Warming  or  dilution  with 
water  at  once  decomposes  the  compound,  hydrogen  peroxide  not 
being  formed  during  the  change.  On  freezing  the  strong  nitric 
acid  solution,  which  may  be  almost  black,  a  yellowish  crystal-mass 
is  obtained  at  liquid  air  temperature*.     This  upon  warming  melts 
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to  a  black  liquid  without  any  evidence  of  separation  into  different 
constituents.  The  oxide  which  was  used  had  been  prepared  by 
electrolysis  of  a  nitrate  solution,  and  consisted  in  part  of  crystals 
a  half  inch  (13  mm.)  long.  They  had  been  washed  with  dilute 
nitric  acid  until  they  gave  no  further  decided  evolution  of  gas 
with  fresh  portions  of  wash-liquor,  and  were  then  dried  and 
bottled.  Before  use  this  material  had  been  kept  for  eight  months. 
Solution  in  nitric  acid  was  always  preceded  by  evolution  of  oxy- 
gen which  soon  ceased,  the  bulk  of  the  material  dissolving  with- 
out further  decomposition.  Chlorides  are  fatal  to  the  stability 
of  the  peroxide.  Attempts  to  produce  a  similar  compound  to  the 
"peroxynitrate"  by  electrolysis  failed  completely,  even  in  very- 
cold  concentrated  solutions  of  silver  chloride  in  potassium  chloride. 

The  poisoning  effect  of  chlorides  was  very  strikingly  shown  in 
experiments  carried  out  to  determine,  if  possible,  differences  in 
the  Ag*  content  of  peroxide  and  ordinary  silver  solutions  by  pre- 
cipitation. For  this  purpose  some  of  the  brown  crystals  were 
washed  with  dilute  nitric  acid,  well  cooled,  until  little  further  gas 
evolutfon  took  place.  The  crystals  were  then  dissolved  in  a  chilled 
solution  containing  35  percent  HNO3  and  20  percent  KNO3.  This 
solution,  which  contained  0.1  g.  peroxide  in  20  c.c,  was  divided 
into  two  portions,  one  of  which  was  decolorized  by  warming 
gently.  Both  solutions  were  then  suspended  over  liquid  air  until 
they  were  congealed.  Chlorine  was  added  at  the  melting  point 
of  this  mixture,  in  the  form  of  the  same  strength  nitric-nitrate 
solution,  which  contained  in  addition  2  mg.  CI  per  cubic  centi- 
meter. Both  solutions  gave  a  precipitate  upon  the  addition  of 
the  first  0.02  mg.  of  CI,  no  difference  in  the  rate  of  precipitation 
upon  further  additions  being  noticeable.  Not  only  this,  but  the 
dark  peroxide  solution  immediately  commenced  to  bleach  and  was 
colorless  before  0.2  mg.  of  chlorine  had  been  added,  a  quantity 
which  was  only  a  fraction  of  that  necessary  to  convert  all  of  the 
silver  into  chloride.  This  catalysis  of  the  decomposition  by 
chlorine  reminds  one  somewhat  of  the  behavior  of  permanganates. 

No  indications  of  double  or  complex  salts  were  obtained.  Am- 
monium salts,  including  the  persulphate,  decompose  the  peroxide, 
with  the  exception  of  the  nitrate,-^  in  dilute  solution. 

"^  This  statement  may  require  revision  upon  working  with  absolutely  chlorine-free 
reagents.  Erratic  results  were  often  obtained  and  were  probably  due  to  small  varia- 
tions in  the  concentration,   temperature,  or  to  imourities  such   as  chlorine. 
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In  concentrated  nitric  acid  solutions  ammonium  salts  were  with- 
out effect,  or  very  slow  in  discharging.  Permanganate  and  per- 
sulphate did  not  interact.  The  only  hydrogen  peroxide  available 
at  the  time  contained  chlorine,  and  this  discharged  the  color  at 
once.     Chromates  were  without  influence. 

Among  the  heavy  metals  copper,  mercury,  lead  and  manganese 
were  examined,  mercury  in  the  hope  of  obtaining  complex  or 
double  salts.  Neither  one  of  the  first  two  metals  showed  any 
decided  reactions.  Solutions  of  the  peroxide  containing  mercuric 
nitrate  appeared  to  have  increased  stability.  The  reactions  with 
lead  and  manganese  have,  however,  an  important  bearing  on  the 
constitution  of  the  peroxide. 

When  a  strong  nitric  acid  solution  of  the  peroxide  is  added  to 
a  saturated  nitric  acid  solution  of  lead  nitrate,  the  solution  being 
kept  well  below  zero,  there  is  at  first  no  change  noticeable.  In 
the  course  of  15  to  20  minutes  lead  peroxide  begins  to  form,  and 
its  formation  continues  until  the  silver  peroxide  is  used  up. 

With  manganese  salts  permanganate  is  formed.  When  man- 
ganese sulphate  is  added  drop  by  drop  to  the  silver  solution  it  is 
changed  instantly  into  permanganate.  The  permanganate  and 
silver  peroxide  are  stable  in  the  presence  of  each  other.  This 
oxidation  proceeds  with  far  greater  velocity,  for  instance,  than 
the  persulphate  oxidation  of  manganese.  In  paraUel  tests  made 
with  silver  peroxide  and  ammonium  persulphate,  in  which  the 
acid  concentrations  were  the  same,  the  manganese  was  at  once, 
in  the  cold,  converted  into  permanganate,  while  a  similar  quantity 
of  manganese  showed  no  evidence  of  permanganate  formation 
with  the  persulphate. 

All  of  these  facts  taken  together  make  it  seem  that  we  have  in 
2Ag304.AgN03  silver  in  a  high  valence  form  corresponding  to 
permanganates,  chromates  and  persulphates.  Chronologically  the 
tests  described,  for  the  most  part,  followed  the  transference  tests 
described  below  and  were  the  outcome  of  the  fact  that  silver  may 
act  as  anion. 

Electrolysis  of  Silver  Nitrate:   In  the  investigations  described 

in  the  literature,  the  preparation  of  the  peroxide  has  been  carried 

on  in  solutions  which  were  very  nearly  neutral.     If  a  solution  is 

.  used,  instead,  which  contains  15  to  25  percent  of  nitric  acid,  the 

silver  peroxide  is  not  precipitated  at  the  anode  but  the  solution 
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becomes  dark  brown  and  almost  black,  finally.  Continued  elec- 
trolysis under  these  conditions  finally  produces  copious  oxygen 
evolution  at  the  anode,  but  no  definite  substance  separated,  except 
in  one  case  in  which  a  small  quantity  of  a  black  powder  separated 
which  it  was  not  possible  to  collect. 

Transference  of  Silver  rt?  Anode:  Trial  in  a  capillary-tube 
cell  conclusively  showed  that  in  this  dark-brown  solution  silver 
is  present  as  an  anion.  A  cell  was  prepared,  as  is  shown  in  Fig.  I, 
consisting  of  a  tube  180  mm.  long,  wath  upturned  ends  of  about 
20  mm.  The  bore  of  the  tubing  was  2  mm.  At  the  middle  an 
upright  tube  joined  on  permitted  the  solution  to  be  introduced 
for  examination.  In  this  case  a  20  percent  solution  of  nitric  acid 
was  first  filled  in  and  this  was  followed  by  a  solution  of  the  per- 
oxide in  nitric  acid,  so  that  a  sharp  line  of  separation  between 


the  nitric  acid  was  formed  at  A  and  B.  Platinum  electrodes  were 
then  introduced  at  the  two  ends  and  0.2  ampere,  at  110  V.,  was 
passed  through  the  cell.  Under  these  conditions  the  dark  boun- 
dary moved  so  rapidly  toward  the  anode  that  it  could  be  followed 
with  the  eye.  At  the  same  time  a  corresponding  shift,  due  to 
reduction,  took  place  at  the  cathode  side.  In  ten  minutes  the 
boundary,  still  perfectly  sharp,  had  moved  0.5  cm. 

In  order  to  show  quantitatively  that  in  the  transference  silver 
was  actually  involved,  the  apparatus  shown  in  Fig.  2  was  em- 
ployed. The  middle  portion  B  is  separated  from  the  anode  com- 
partment A  and  the  cathode  compartment  C  by  the  stoppers  ground 
into  the  constrictions  a  and  c.  These  stoppers  are  hollow  and 
terminate  in  the  narrow  tubes  with  funnel  extending  above  the 
top  of  the  cell.  The  anode  and  cathode  respectively  are  supported 
by  these  tubes. 
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The  manipulation  is  as  follows :  Some  of  the  finely  powdered 
silver  peroxide  (0.67  g.)  was  dropped  into  the  middle  compart- 
ment and  the  stoppers  were  inserted.  A  solution  consisting  of 
concentrated  nitric  acid,  to  which  an  equal  volume  of  40  percent 
potassium  nitrate  solution  had  been  added,  was  thoroughly  chilled 
and  poured  into  the  middle  section,  filing  this  and  the  tubes  lead- 
ing to  it  to  the  level  e-f.  The  silver  peroxide  dissolved  with  evolu- 
tion of  some  oxygen,  to  form  the  characteristic  black  solution. 


Fig.  2. 


Anode  and  cathode  compartment  were  then  filled  with  the  same 
nitric  acid-potassium  nitrate  mixture  until  the  level  coincided 
with  that  in  the  inner  tubes.  The  stoppers  could  then  be  raised 
and  lowered  without  disturbing  the  levels  of  the  various  liquids 
in  the  system.^*  Each  electrode  consisted  of  a  square  centimeter 
of  platinum  foil  suspended  by  means  of  platinum  wire  coiled 
around  the  central  tubes. 

'*  For  the  present  purposes  this  arrangement  met  the  requirements.  For  more  pre- 
cise manipulation  the  stoppers  sliould  be  provided  with  perforations  corresponding  to 
grooves  in  the  constrictions  so  that  communication  between  the  electrode  and  middle 
chambers  could  be  established  bv   turnine  instead  of  raising  the   stoppers. 
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The  cell  after  filling  was  placed  in  a  mixture  of  ice  and  alcohol. 
Current  was  supplied  by  a  battery  circuit  at  40  V.,  with  lamps 
for  resistance,  and  was  measured  by  a  Westinghouse  milliammeter. 
With  the  stoppers  closed  the  resistance  of  the  cell  was  570  ohms, 
which  could  be  decreased  to  150  ohms  by  freeing  the  stoppers 
completely.  This  permitted  of  very  convenient  adjustment  of 
the  current  strength  by  changing  the  clearance  between  stopper 
and  grinding.  The  current  was  set  at  0.15  ampere  in  the  even- 
ing, the  apparatus  placed  in  an  ice  chest  and  left  for  17  hours. 
The  movement  of  the  dark  zone  toward  the  anode  soon  became 
apparent  under  these  conditions.  At  the  end  of  the  run  in  the 
morning  the  anode  compartment  was  completely  filled  with  the 
dark  solution,  "peroxynitrate"  had  not  been  deposited  on  the 
anode  but  oxygen  was  being  liberated. 

The  stoppers  were  closed  to  isolate  the  different  parts  of  the 
cell,  and  anode  and  cathode  liquors  were  removed  separately  with 
a  pipette,  nitric  acid-nitrate  mixture  being  used  as  wash  solution. 
The  two  compartments  were  refilled  with  more  of  the  same  solu- 
tion and  electrolysis  continued. 

The  solutions  to  be  analyzed  were  run  into  standard  sodium 
oxalate  solution,  which  was  titrated  back  with  permanganate. 
The  silver  content  was  then  determined  with  standard  hydro- 
chloric acid.  The  results  are  only  intended  to  show  the  character 
of  the  transfer,  since  in  the  first  run  there  was  some  evolution 
of  gas ;  further,  the  data  do  not  include  the  part  played  by  the 
other  ions  of  the  solution  in  the  conduction.  They  do  show  be- 
yond doubt,  however,  that  silver  was  transferred  to  the  anode 
together  with  the  available  oxygen. 

With  the  first  9,180  coulombs  passing  through  the  cell,  0.062  g. 
of  silver  together  with'  a  minimum  of  0.033  g.  available  oxygen 
were  carried  to  the  anode.  At  the  same  time  0.024  g.  of  silver 
went  to  the  cathode. 

In  the  second  part  of  the  determination  1,080  coulombs,  at  the 
rate  of  0.20  ampere,  carried  0.008  g.  of  silver  and  0.003  g.  avail- 
able oxygen  to  the  anode ;  0.003  g.  silver  went  to  the  cathode. 

In  the  third  experiment  it  was  noted  that  although  the  central 
portion  of  the  cell  was  still  brown,  there  was  little  evidence  of 
transference.     This  was  confirmed  by  the  analysis.     For  2,250 
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coulombs  which  had  passed,  at  the  rate  of  0.25  ampere,  there 
was  no  silver  at  the  anode  nor  available  oxygen,  and  0.015  g. 
silver  at  the  cathode. 

At  the  end  of  the  third  experiment  the  middle  chamber  was 
found  to  contain  only  0.009  g.  of  available  oxygen  with  the  re- 
maining silver.  With  the  exhaustion  of  the  peroxide,  therefore, 
the  transference  to  the  anode  ceases.  The  complete  data  are  re- 
corded in  Table  I. 

Table  I. 


E-xpt. 

Time  (hrs.) 

17. 
1.5 
2.5 

21.0 

Coulombs. 

Anode  Ag. 

■ 

Anode  O. 

Cathode  Ag. 

1  

2 

3 

9180. 
1080. 
2250. 

0.062 
0.008 
0.0 

0.070 

0.033 
0.003 
0.0 

0.024 
0.003 
0.015 

Total.... 

12510. 

0.036 

0.042 

The  figures  show  clearly  the  transfer  of  silver  as  an  anion,  in 

harmony  with  the  reactions  of  the  substance  and  the  effects  visible 

under  the  influence  of  an  impressed  voltage,  and  that  the  effect 

runs  parallel  with  the  available  oxygen  content  of  the  solution. 

In  the  first  two  experiments  the  ratio  between  silver  traveling 

to  the  cathode  and  to  the  anode  is   1 :2.6,  which  is  roughly  in 

accord  with  a  compound  in  which  two-thirds  of  the  silver  is 

anodic.     This  supports  the  conception  that  the  so-called  silver 

peroxynitrate  is  the  silver  salt  of  an  argentic  acid  in  which  silver 

has  a  valence  of  three  (or  four).    A  possible  formula  in  harmony 

f+     +++ 
with  all  of  the  information  available  is  Ag(Ag02)2  i"  which  silver 

++     ++++ 
has  a  valence  of  two  and  three.    The  arrangement  Ag2Ag04  does 

not  seem  to  fit  the  facts  so  well. 

More  detailed  experiments  along  this  line,  to  determine  if  pos- 
sible whether  the  negative  ion  contains  di-  or  trivalent  silver,  and 
whether  the  NO.  always  found  with  the  solid  compound  is  an 
essential  portion  of  the  negative  ion,  seem  desirable. 
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SUMMARY. 

1.  Experiments  directed  towards  the  preparation  of  salts  in 
which  silver  has  a  valence  of  more  than  one  are  described.  With 
the  exception  of  the  peroxynitrate  already  known,  the  results  are 
negative. 

2.  Conditions  affecting  the  stability  of  this  compound,  such  as 
temperature,  presence  of  concentrated  acid  or  salt  solutions,  effect 
of  chlorine,  are  set  forth. 

3.  It  is  shown  that  in  concentrated  nitric  acid  the  compound 
is  formed  in  solution  and  not  on  the  electrode. 

4.  Characteristic  reactions  of  the  peroxide  with  lead  and  man- 
ganese are  described. 

5.  It  is  shown  that  at  least  a  part  of  the  silver  in  this  compound 
is  carried  to  the  anode  during  electrolysis. 

6.  The  conclusion  is  drawn  that  the  black  compound  previously 
described  in  the  literature  is  the  silver  salt  of  an  unstable  argentic 
acid. 

7.  A  convenient  apparatus  for  the  determination  of  transfer- 
ence numbers  is  described. 

Westinghouse  Research  Laboratory, 
East  Pittsburgh,  Pa. 


DISCUSSION. 


Prof.  W.  D.  Bancroft^  :  I  am  much  interested  in  anything 
that  helps  straighten  out  this  problem.  It  seems  to  me  Mr.  Weber 
has  done  an  excellent  piece  of  work. 

There  is  one  possible  source  of  error  which  I  imagine  Dr. 
Weber  took  into  account,  but  did  not  mention  in  his  paper.  If 
his  black  solution  was  colloidal,  that  is,  contained  the  peroxy- 

'  Professor  of  Chemistry,  Cornell  University. 
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nitrate  in  suspension,  then  his  experiments  would  mean  nothing 
in  regard  to  the  transference  of  silver.  His  conclusions  are  per- 
fectly sound  if  he  was  dealing  with  a  true  solution. 

H.  C.  P.  Weber:  I  cannot  give  definite  assurance  on  that 
point.  That  is,  no  direct  experiments  with  this  in  view  have 
been  carried  out.  Prof.  Bancroft  has  personally  called  my  atten- 
tion to  this  point,  and  the  only  way  to  decide  it  would  be  by 
ultra-microscopic  or  similar  exarnination  of  the  solution.  There 
are,  however,  a  number  of  points  indicating  the  correctness  of 
my  position.  In  the  first  place,  in  colloidal  solution  we  may  have 
transference  either  to  the  anode  or  cathode,  so  that  the  proba- 
bility of  this  anode  being  colloidal  is  one-half.  The  speed  of 
reaction  of  this  material  upon  reduction,  which  is  instantaneous, 
does  not  give  any  evidence  of  colloidal  nature.  This,  of  course, 
is  corroborative,  although  not  binding,  evidence.  The  solution  is 
formed  from  a  crystalline  material,  a  black  crystalline  peroxy- 
nitrate,  by  the  action  of  a  strong  nitric  acid,  and  these  conditions 
are  not  favorable  to  the  formation  of  colloidal  solutions. 

On  the  other  hand,  these  peroxynitrate  solutions  have  been 
frozen  in  liquid  air  without  evidence  of  any  segregation.  The 
frozen  material  is  a  yellow,  almost  white,  crystalline  mass,  and 
upon  liquification  there  is  a  gradual  change  in  color  from  light 
to  dark  as  the  material  becomes  warmer ;  this,  again,  without 
any  evidence  of  segregation.  There  are  a  number  of  other  points 
against  regarding  this  material  as  colloidal ;  in  fact,  my  whole 
experience  with  the  compound  is  against  such  a  supposition.  The 
definite  answer  would  only  be  found  if  the  ultra-microscopic 
examination  showed  colloidal  particles. 

G.  C.  GivEN^ :  I  think  it  quite  likely  that  this  material  is  a 
colloid.  That  was  the  first  thing  which  came  to  my  mind.  If 
it  were,  I  do  not  see  that  an  ultra-microscopic  examination  would 
prove  it  were  not,  because  a  great  many  colloid  particles  are  not 
visible  in  the  ultra-microscope.  Some  as  large  as  30  milli-microns 
are  not  visible.  I  have  also  seen  a  great  many  colloid  solutions 
which  have  been   frozen,  and  when  thawed  out  again  were  as 
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good  colloid  solutions  as  they  were  before  freezing.     I  think  this 
material  could  be  tested  by  ultra-filtration. 

A  very  simple  ultra-filter  can  be  made  by  pouring  10  percent 
collodion  solution  into  a  test-tube,  inverting  the  test-tube  until 
no  more  will  drain  out,  blowing  air  gently  into  the  test-tube  until 
the  odor  of  ether  has  disappeared,  but  that  of  alcohol  still  re- 
mains, and  then  removing  the  film  from  the  inside  of  the  tube 
by  the  addition  of  water.  A  one-holed  rubber  stopper  contain- 
ing a  funnel  can  then  be  inserted  into  this  test-tube-shaped  film 
of  collodion,  and  a  very  rapid  ultra-filtration  carried  out.  I  have 
seen  colloidal  iron  oxide  filtered  as  clear  as  water  by  this  means. 
Ultra-filtration  would  be  the  proper  test,  since  neither  freezing 
nor  the  ultra-microscope  would  prove  it,  and  a  colloid  particle 
will  migrate  either  to  the  anode  or  cathode  according  to  its  charge. 

Mr.  Weber  :  For  my  purpose,  as  far  as  the  major  argument 
is  concerned,  it  is  immaterial  whether  this  is  a  colloid  or  not. 
The  proposal  to  treat  this  solution  by  ultra-filtration  with  a  col- 
lodion membrane  is  beyond  hope  of  realization  because  a  water 
solution  is  quite  unstable  and  even  rather  dilute  nitric  acid  solu- 
tions rapidly  decompose  while  standing.  In  a  finely-divided 
porous  septum  the  material  would  immediately  decompose.  I 
would  like  to  ask  the  question  what  this  material  would  be  even 
if  it  were  admitted  to  be  a  colloid? 

Mr.  Given  :  I  do  not  know.  I  do  not  believe  that  it  would 
be  silver. 

Mr.  Weber  :  That  is  sufficient  for  the  purpose  as  far  as  the 
higher  valence  of  silver  is  concerned.  When  you  electrolyze  a 
slightly  acid  silver  nitrate  solution  and  thus  form  a  peroxynitrate 
you  obtain  it  as  an  anode  deposit  which,  when  dissolved  in  strong 
nitric  acid,  gives  the  brown-colored  solution.  If,  however,  you 
electrolyze  in  the  strongly  nitric  acid  solution  you  obtain  directly 
the  deep  brown  solution  from  which,  upon  occasion,  I  have  ob- 
served fine  black  crystals  depositing,  which,  however,  I  was  not 
able  to  collect.  This,  again,  is  not  absolutely  binding  evidence 
against  the  supposition  that  the  material  is  a  colloid,  but  the  for- 
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niation  of  a  stable  colloidal  solution  in  the  presence  of  consider- 
able mineral  salts  and  of  strong  nitric  acid  is,  to  say  the  least, 
unusual.  The  solution  contained  20-30  percent  of  potassium 
nitrate.  I  freely  admit  that  the  question  is  open,  so  far  as  the 
evidence  of  this  paper  is  concerned,  but  I  do  not  have  any  great 
doubts  that  the  transference  is  actually  that  of  a  silver  anion. 


A  pafcr  ('resented  at  the  Thirty-second 
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EFFECT  OF  LITHIUM  UPON  THE  CAPACITY  OF  THE  EDISON 
STORAGE  BATTERY 

By    L.     C.    TURNOCK.* 

[Abstract.] 

Comparative  tests  of  capacity  of  Edison  storage  batteries  with 
0,  10,  20,  30,  40  and  50  grams  per  liter  of  lithium  hydrate  added  to 
the  usual  21  percent  caustic  potash  electrolyte.  Test  runs  showed 
increased  capacity  up.  to  12  percent  with  the  largest  amovmt  of 
Hthium  hydrate,  in  spite  of  the  fact  that  the  addition  increased  the 
electrical  resistance  of  the  electrolyte  21  percent. 


During  the  experimental  and  commercial  development  work 
upon  the  Edison  storage  battery  it  was  discovered  that  additions 
of  lithium  hydrate  to  the  potassium  hydrate  electrolyte  caused  an 
appreciable  increase  in  the  available  capacity  of  the  battery.  The 
following  investigation  was  vmdertaken  to  determine  the  magni- 
tude of  the  effect  of  various  additions  of  lithium  hydrate  to  the 
electrolyte. 

For  the  purpose  of  reducing  the  amount  of  electrolyte  required 
for  the  different  test  runs  a  special  miniature  test  cell  was  con- 
structed from  the  small  pockets  and  tubes  containing  the  active 
materials  of  the  negative  and  positive  plates,  respectively,  of  the 
ordinary  commercial  size  cell.  These  were  properly  insulated 
from  one  another  by  hard  rubber  and  inserted  in  a  nickel  con- 
tainer, which  was  air-tight  with  the  exception  of  a  very  small 
hole  in  the  top  serving  for  the  escape  of  the  gases  generated  in 
the  cell  during  charge  and  discharge. 

Prior  to  making  the  recorded  runs  the  cell  containing  electrolyte 
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with  no  lithium  hydrate  was  subjected  to  a  series  of  about  twenty- 
charges  and  discharges  for  the  purpose  of  bringing  it  up  to  its 
maximum  capacity.  A  charge  and  discharge  rate  of  seven  hundred 
and  fifty  milhamperes  was  employed;  corresponding  to  a  current 
density  of  approximately  two  and  one-half  to  three  times  that 
recommended  as  normal  for  the  commercial  size  units.  All  charge 
periods  were  of  four  hours  duration,  which  was  ample  for  a  com- 
plete charge.  All  capacities  were  measured  to  the  time  the  terminal 
cell  potential  reached  nine-tenths  of  a  volt  when  discharging  at  a 
rate  of  seven  hundred  and  fifty  milliamperes.  During  the  forming 
test  runs  the  cell  was  frequently  discharged  to  a  terminal  voltage 
of  five-tenths.  Experience  has  shown  that  a  new  cell  will  come  up 
to  capacity  in  less  time  if  the  discharge  is  carried  down  to  five- 
tenths  of  a  volt  or  even  to  zero  potential. 

During  all  runs  the  cell  was  maintained  at  a  temperature  of 
30°  C.  A  constant  temperature  is  necessary  in  order  to  secure 
comparable  results.  A  lowering  in  temperature  would  increase 
the  internal  resistance  of  the  cell,  with  the  result  that  the  cell 
would  reach  at  an  earlier  period  the  predetermined  cut-ofif  voltage 
of  nine-tenths,  to  which  the  capacity  is  measured.  Obviously,  this 
would  indicate  a  capacity  lower  than  the  correct  value.  Conversely, 
a  rise  in  temperature  would  have  the  exactly  opposite  effect. 

Before  the  sharp  advance  in  the  price  of  potash  a  few  years  ago 
the  manufacturers  employed  as  electrolyte  for  their  cells  a  twenty- 
one  percent  solution  of  potassium  hydroxide  containing  fifty  grams 
of  lithium  hydrate  per  liter  of  finished  electrolyte.  Such  a  concen- 
tration represents  practically  a  saturated  solution  of  lithium 
hydrate  in  the  specified  strength  of  potassium  hydrate  at  a  tem- 
perature around  25°  C.  For  the  recorded  six  test  runs  electrolytes 
were  made  up  as  follows  : 

Test  1 — 4.49  N.KOH  (equivalent  to  a  21  percent  solution) 
Test  2—4.49  N.KOH  in  which  is  contained  10  g.  LiOH  per  liter 
Test  3^t.49  N.KOH  in  which  is  contained  20  g.  LiOH  per  liter 
Test  4 — 4.49  N.KOH  in  which  is  contained  30  g.  LiOH  per  liter 
Test  5—4.49  N.KOH  in  which  is  contained  40  g.  LiOH  per  Hter 
Test  6-^.49  N.KOH  in  which  is  contained  50  g.  LiOH  per  liter 

Tables  I  and  II  show  data  taken  on  test  runs  one  to  six  inclusive. 
Table  III  shows  the  condensed  and  computed  results  from  tests 
one  to  six  inclusive.    Attention  is  directed  to  the  last  column  of 
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Table  III  showing  how  the  capacity  increases  with  increased  con- 
tent of  lithium  hydrate  in  the  electrolyte.  A  twenty-one  percent 
solution  of  potassium  hydroxide  containing  fifty  grams  of  lithium 
hydrate  per  hter  as  electrolyte  shows  an  increase  in  capacity  of 
twelve  percent  over  a  twenty-one  percent  solution  of  potassium 
hydroxide  containing  no  lithium  hydrate.  Fig.  1  illustrates  the 
effect  of  lithium  hydrate  upon  the  capacity  of  the  cell  and  is  plotted 
from  the  results  shown  in  the  last  column  of  Table  III. 


Fig.   1. 


The  effect  of  additions  of  lithiiihi  hydrate  to  a  twenty-one  per- 
cent solution  of  potassium  hydroxide  upon  the  electrical  conduc- 
tivity of  the  solution  was  investigated  to  determine  whether  the 
increased  capacities  shown  could  be  accounted  for  through  an 
increase  in  conductivity.  Reference  to  Fig.  2  shows  that  addi- 
tions of  lithium  hydrate  to  the  potassium  hydrate  solution  decrease 
the  conductivity  of  the  latter,  a  fact  which  is  entirely  in  accord 
with  what  may  be  expected  from  the  standpoint  of  the  mass  law. 
That  additions  of  lithium  hydrate  to  twenty-one  percent  potassium 
hydroxide  solution  increase  the  electrical  resistance  of  the  latter 
is  also  indicated  in  Tables  I  and  II.     Reference  to  the  potential 
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columns  of  each  run  show  how  the  terminal  potential  on  charge 
rises  at  the  end  of  charge  from  a  value  of  1.835  in  test  1  for  an 
electrolyte  containing  no  lithium  hydrate  gradually  up  to  a  value 
of  2.03  in  test  6  where  the  electrolyte  contained  fifty  grams  of 
lithium  hydrate  per  liter.  Inasmuch  as  a  decrease  in  available 
capacity  necessarily  results  from  an  increase  in  the  internal  resist- 
ance of  a  cell,  it  is  interesting  to  observe  that  it  is  possible  to 
increase  the  capacity  of  the  cell  by  additions  of  lithium  hydrate  to 
a  value  of  twelve  percent  in  spite  of  the  fact  that  such  additions 
simultaneously  increase  the  electrolyte  resistance  of  the  cell  by 
twenty-one  percent. 
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Fig.  2. 


The  exact  phenomenon  of  the  efi'ect  of  lithium  hydrate  in  in- 
creasing the  capacity  of  the  celi  is  not  definitely  known  as  far  as 
the  author  is  aware.  More  lithium  appears  to  enter  the  plates  on 
discharge  than  comes  out  on  charge.  In  order  to  meet  such  a 
condition  more  lithium  hydrate  is  added  to  commercial  cells  before 
placing  them  on  the  market  than  is  required  to  maintain  a  saturated 
solution  of  lithium  hydrate  in  the  potassium  hydrate,  the  excess 
depending  upon  the  size  of  the  cell  and  the  amount  of  electrolyte 
it  will  require.  The  small  cell  known  as  the  B-2  type  contains 
about  0.45  liter  of  electrolyte  and  9.2  grams  of  solid  lithium 
hydrate  crystals  right  after  assembly,  while  the  commercial  size 
vehicle  cell  A-4  contains  1.40  liters  of  electrolyte  and  37  grams 
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Table  I. 

Charging  and  Discharging  Rate 750  MiUiamperes 

Temperature  30"  C. 


Test  1. 

Test  2. 

Test  3. 

Electrolyte— 21%   KOH 

Electrolyte— 21%   KOH 

Electrolyte— 21%   KOH 

con 

tainmg  10  grams 

containing  20  grams 

of  LiOH  per  liter 

of 

LiOH  tier  liter 

CHARGE 

CHARGE 

CHARGE 

Terminal 

Terminal 

Terminal 

Time 

Voltage 

Time 

Voltage 

Time 

Voltage 

9.00 

1.60 

9.05 

1.62 

8.40 

1.60 

9.20 

1.71 

9.20 

1.72 

9.00 

1.72 

9.40 

1.72 

9.40 

1.721 

9.20 

1.74 

10.00 

1.73 

10.00 

1.723 

9.40 

1.75 

10.20 

1.73 

10.20 

1.74 

10.00 

1.76 

10.40 

1.74 

10.40 

1.745 

10.20 

1.77 

11.00 

1.78 

11.00 

1.79' 

10.40 

1.793 

11.20 

1.795 

11.20 

1.842 

11.00 

1.83 

11.40 

1.835 

11.40 

1.85 

11.20 

1.86 

12.00 

1.835 

12.00 

1.85 

11.40 

1.86 

12.20 

1.835 

12.20 

1.85 

12.00 

1.86 

12.40 

1.835 

12.40 

1.85 

12.20 

1.852 

1.00 

1.835 

1.05 

1.848 

12.40 

1.85 

r/;f  CHARGE 

DISCHARGE 

DISCHARGE 

1.00 

1.40 

1.05 

1.40 

12.40 

1.40 

1.03 

1.30 

1.25 

1.24 

12.45 

1.285 

1.10 

1.26 

1.45 

1.20 

12.50 

1.26 

1.20 

1.24 

2.05 

1.168 

1.00 

1.23 

1.40 

1.205 

2.25 

1.120 

1.20 

1.18 

2.00 

1.18 

2.45 

1.075 

1.45 

1.138 

2.20 

1.14 

3.05 

1.00 

2.00 

1.10 

2.40 

1.10 

3.10 

0.98 

2.20 

1.06 

3.00 

1.015 

3.15 

0.96 

2.40 

0.991 

3.13 

0.90 

3.20 

0.93 

2.45 

0.971 

3.25 

0.90 

1 

2.50 
2.55 
3.00 
3.02'/ 

0.952 
0.935 
0.910 
0.90 

4IO 
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Table  II. 


Temperature  . 

i^ioi,iiaig 

Ulg      iXULC 1  ^ 

U     .>>Xllllcll 

30°  C. 

Test  4. 

Test  5. 

Test  6. 

Electrolyte— 21%  KOH 

Electrolyte— 21%    KOH 

Electrolyte— 21%  KOH 

containing  30  grams 

containing  40  grams 

containing  50  grams 

of  LiOH  per  liter 

of  LiOH  per  liter 

of 

LiOH  per  liter 

CHARGE 

CHARGE 

CHARGE 

Terminal 

Terminal 

Terminal 

Time 

Voltage 

Time 

N'oltage 

Time 

X^oltage 

8.40 

1.59 

8.20 

1.59 

8.30 

1.66 

9.00 

1.74 

8.40 

1.76 

8.50 

1.775 

9.20 

1.75 

9.00 

1.75 

9.10 

1.775 

9.40 

1.76 

9.20 

1.765 

9.30 

1.785 

10.00 

1.77 

9.40 

1.778 

9.50 

1.82 

10.20 

1.795 

10.00 

1.78 

10.10 

1.875 

10.40 

1.82 

10.20 

1.79 

10.30 

1.93 

11.00  ' 

1.875 

10.40 

1.875 

10.50 

2.00 

11.20 

1.878 

11.00 

1.88 

11.10 

2.048 

11.40 

1.873 

11.20 

1.89 

11.30 

2.06 

12.00 

1.87 

11.40 

1.89 

11.50 

2.055 

12.20 

1.86 

12.00 

1.89 

12.10 

2.04 

12.40 

1.858 

12.20 

1.88 

- 12.30 

2.03 

DISCHARGE 

DISCHARGE 

DISCHARGE 

12.40 

1.42 

12.20 

1.44 

12.30 

1.42 

12.45 

1.30 

12.25 

1.315 

12.35 

1.205 

12.50 

1.278 

12.30 

1.286 

12.40 

1.19 

1.00 

1.243 

12.40 

1.246 

12.50 

1.17 

1.10 

1.212 

1.00 

1.182 

1.10 

1.14 

1.20 

1.185 

1.20 

1.130 

1.30 

1.10 

1.40 

1.14 

1.40 

1.08 

1.50 

1.06 

2.00 

1.095 

2.00 

1.03 

2.10 

1.018 

2.20 

1.047 

2.20 

0.975 

2.30 

0.968 

2.40 

0.986 

2.25 

0.96 

2.35 

0.959 

2.45 

0.972 

2.30 

0.95 

2.40 

0.942 

2.50 

0.96 

2.35 

0.935 

2.45 

0.930 

2.55 

0.94 

2.40 

0.921 

2.50 

0.921 

3.00 

0.922 

.      2.45 

0.907 

2.55 

0.908 

3.05 

0.901 

2.47 

0.900 

2.59 

0.900 

3.06 

0.90 
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of  solid  lithium  hydrate  crystals  after  assembly.  Enough  solid 
lithia  crystals  are  put  in  to  maintain  the  capacity  of  the  cell  for 
about  a  year  or  so  in  regular  service.  If  the  capacity  falls  off  at 
the  end  of  such  a  period  it  is  recommended  to  secure  additional 
electrolyte  from  the  manufacturer.  A  falling  off  in  capacity  after 
a  long  period  of  use  may  also  be  due  to  a  partial  carbonation  of 
the  electrolyte.  This  is  very  apt  to  be  due  to  negligence  in  keeping 
the  small  valve  and  valve  seat  on  the  top  of  the  container  clean 
of  incrustations  from  the  electrolyte,  which  is  carried  up  mechanic- 
ally in  the  gas  spray.  The  water  evaporates  slowly  leaving  the 
solid  hydrates  of  potassium  and  lithium  partially  exposed  to  the 
atmosphere,  resulting  in  the  formation  of  the  less  soluble  carbon- 
ates, preventing  the  proper  seating  of  the  valve,  and  finally  in  a 
more  rapid  carbonation  of  the  electrolyte  and  subsequent  lowering 
of  the  available  capacity  of  the  battery. 

SUMMARY. 

Additions  of  lithium  hydrate  to  a  twenty-one  percent  aqueous 
solution  of  potassium  hydroxide  such  as  is  employed  as  electrolyte 
in  the  alkaline  storage  battery,  increases  both  the  available  capacity 
of  the  battery  and  its  internal  resistance. 

The  increase  in  capacity  appears  to  be  a  direct  function  of  the 
amount  of  lithium  hydrate  present  in  the  electrolyte. 

A  cell  employing  as  electrolyte  a  twenty-one  percent  solution  of 
potassium  hydroxide  containing  fifty  grams  of  lithium  hydrate 
per  liter  (a  concentration  corresponding  to  a  saturated  solution  at 
about  24°  C.)  shows  twelve  percent  higher  capacity  and  twenty-one 
percent  higher  electrolyte  resistance  than  one  employing  as  elec- 
trolyte a  twenty-one  percent  solution  of  potassium  hydroxide  con- 
taining no  lithium  hydrate. 

Carnegie  Institute  of  Technology, 
Schenley  Park,  Pittsburgh. 


DISCUSSION. 

W.  D.  Bancroft^  :   I  would  like  to  ask  Mr.  Turnock  whether 
he  knows  that  the  lithium  hydroxide  increases  the  capacity  of 

*  Professor  of  Chemistry,  Cornell  University. 
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both  electrodes,  or  whether  it  is  chiefly  at  one  of  them.  I  was 
interested  in  the  title  of  the  paper,  and  I  was  hopeful  that  Mr. 
Turnock  would  tell  us  why  lithium  hydroxide  acts  as  it  does. 

L.  C.  Turnock:  At  present  I  am  not  prepared  to  advance  an 
explanation  accounting  for  the  peculiar  behavior  of  lithium  hy- 
drate in  increasing  the  capacity  of  the  cell.  From  my  experience 
with  the  cell  it  appears  that  the  positive  or  nickel  electrode  re- 
ceives the  benefit  of  increase  in  capacity  due  to  the  presence  of 
lithium  hydrate.  No  data  corroborating  this  view  are  given  in  the 
present  paper,  owing  to  the  fact  that  the  opening  in  the  top  of 
the  cell  under  examination  was  too  small  to  permit  of  the  inser- 
tion and  use  of  an  auxiliary  electrode.  Tests  upon  other  cells, 
however,  seem  to  support  this  view. 

Wm.  R.  ChedsEy-:  May  I  ask  whether  the  addition  of  the 
lithium  hydrate  has  any  effect  upon  the  energy  efficiency  as  well 
as  the  ampere  efficiency  and  capacity  ?  We  would  expect  the 
energy  efficiency  to  be  increased  when  the  ampere  efficiency  rises, 
but  the  increase  in  resistance  may  annul  or  offset  this.  I  would 
be  interested  in  knowing  if  Mr.  Turnock  has  any  data  on  the 
energy  efficiency. 

I  have  attempted  some  experiments  to  determine  the  energy 
efficiency,  without  LiOH,  and  with  50  grams  per  liter  of  LiOH, 
and  also  to  determine  the  "why"  of  the  action  of  the  lithium 
hydrate.  These  experiments  have  not  yet  given  results  that  I 
can  interpret  and  publish,  but  may  in  a  few  weeks. 

'  Associate   Professor  of  MiniriK,   State  College,   Pa. 
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SUGGESTED  REFORMS  IN  SOME  CHEMICAL  TERMS 

I!y   Carl  IIering.* 

[Abstract.] 

Some  of  the  common  terms  used  in  chemisty  are  shown  to  be 
indefinite,  inadequate,  inconsistent,  and  not  in  accordance  with 
modern  developments  in  physical  chemistry ;  suggestions  are  made 
how  their  definitions  and  scope  could  be  modified  and  their  mean- 
ings strictly  defined,  so  as  to  bring  about  a  much  desired  definite- 
ness,  adequacy,  consistency,  a  more  complete  concordance  with  the 
teachings  of  physical  chemistry,  and  a  simplification  of  their 
conception  by  the  student.  The  paper  is  in  part  a  revised  summary 
of  a  number  of  articles  published  recently  by  the  writer. 


Physical  chemistry  has  done  so  much  for  the  benefit  of  chemistry 
that  chemists  should  in  return  reorganize,  readjust  and  redefine 
some  of  their  terms  to  bring  about  a  better  concordance  with 
physical  chemistry  and  a  better  consistency  in  pure  chemistry  ; 
in  other  words,  a  house-cleaning  in  chemical  terms  is  in  order. 
The  purpose  of  the  present  paper  is  to  point  out  some  of  these 
deficiencies  and  to  suggest  a  few  reforms  which  would  help  to 
systematize  these  terms,  make  them  more  consistent  with  each 
other  and  with  modern  developments,  and  to  simplify  the  con- 
ceptions involved.  The  scope  of  the  paper  is  limited  to  that 
branch  of  chemistry  in  which  electrons  are  involved ;  no  attempt 
is  here  made  to  embrace  also  organic  chemistry  and  the  chemistry 
of  non-electrolytes. 

'Consulting  Electrical   Engineer,   Philadelphia. 
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This  paper  is  in  part  a  revised  summary  of  recent  publications^ 
of  the  writer. 

Bonds: — When  H„0  is  electrolyzed  into  its  two  gases,  each  of 
the  two  bonds  which  connected  them  has  been  broken.  It  is 
clearly  understood  that  each  H  atom  was  combined  by  one  bond 
(valence  1)  and  each  O  by  two  (valence  2),  yet  the  resulting 
gases  are  both  diatomic,  which  means  that  two  atoms  are  com- 
bined to  form  one  molecule,  hence  there  is  now  a  new  bond 
between  each  two  atoms  of  H  and  a  new  one  between  each  two 
atoms  of  O.  Each  gram-atom  of  H  had  only  one  bond  to  begin 
with,  as  its  valence  is  1,  and  that  bond  has  been  broken,  yet  one 
still  exists ;  to  say  that  it  originally  had  two  bonds,  therefore  a 
valence  of  2,  only  one  of  which  was  broken,  would  result  in  worse 
confusion.  The  O  had  two  bonds  to  begin  with,  as  its  valence 
is  2,  both  of  which  were  broken,  yet  one  still  exists ;  to  say  that  it 
therefore  had  a  valence  of  3  would  lead  to  great  confusion  and 
meet  with  a  storm  of  opposition.  Each  electrolytic  bond  corre- 
sponds to  a  known  and  definite  charge,  while  the  others  do  not. 
Moreover  these  new  bonds  between  atoms  of  the  same  element 
can  never  be  broken  electrolytically  or  by  ionization,  as  it  seems 
impossible  to  set  free  the  same  element  simultaneously  at  the  two 
electrodes.  And  each  electrolytic  bond  must  be  considered  to  be 
electrically  positive  at  one  end  and  negative  at  the  other,  hence 
one  of  the  two  H's  in  the  molecule  H-H  would  have  to  be  negative, 
and  as  the  bonds  of  H  are  always  positive,  still  greater  confusion 
would  arise.  The  formula  for  HoOg  is  generally  written  H-O-O-H 
in  which  the  bond  joining  the  two  O's  is  of  the  non-electrolytic 
kind  like  that  in  the  diatomic  molecule  O-O,  yet  is  now  considered 
to  be  one  of  those  included  in  saying  that  the  valence  of  O  is  2 ; 
this  still  further  adds  to  the  confusion. 

It  is  therefore  very  desirable,  at  least  in  electrochemistry,  to 
avoid  such  confusion  by  making  a  distinction  between  these  two 
kinds  of  bonds,  as  for  instance  by  the  terms  electrolytic  bonds  and 
non-electrolytic  bonds.    The  former  may  also  be  broken  by  other 

'  "Inadequacy  and  Inconsistencv  of  Some  Common  Ciiemical  Terms."  INIet.  and 
Chem.   Eng.,   Dec.   1,   1916,  p.  649.  " 

"Oxidation  and  Reduction  in  Physical  Cliemistry.  Consistency  of  Terms  and  Con- 
ceptions."    Jhid.,  May   1,   1917,  p.  507. 

"Elements  Neither  Free  nor  Combined.  A  Tliird  State."  Jour.  Amer.  Chem.  Soc, 
August,  1917,  p.  — . 

"Standard  Table  of  Electrochemical   Equivalents,"   published  in   book  form. 
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than  electrical  means,  as  by  heat  alone,  but  they  at  least  may  be 
broken  electrolytically,  while  the  others  never  can.  They  are 
evidently  of  a  physically  different  nature,  and  each  should  there- 
fore have  a  distinctive  name. 

An  electrolytic  bond  is  always  represented  as  being  positive 
with  respect  to  one  of  the  two  elements  of  the  combination  and 
negative  with  respect  to  the  other,  yet  it  is  the  same  bond ;  hence 
the  common  terms  positive  and  negative  bonds  are  not  strictly 
correct  unless  it  is  understood  that  the  signs  refer  to  the  respective 
ends  of  the  same  bond,  when  it  is  symbolized  by  a  line. 

Every  electrolytic  bond,  no  matter  which  elements  it  combines, 
represents  electrically  96,494  coulombs  (one  faraday)  when  the 
chemical  symbol  represents  a  gram-atom  ;  and  when  broken  it  will 
be  replaced  by  a  free,  positive  charge  of  that  many  coulombs  on 
one  of  the  elements  and  a  free  negative  one  of  that  many  coulombs 
on  the  other.  The  strength  or  afifinity  of  these  bonds  is  measurable 
in  volts  which  are  however  not  the  same  in  all  cases ;  these  bonds 
therefore  have  definite  though  different  energy  values.  They  are 
always  included  in  the  valence,  while  the  non-electrolytic  bonds 
unfortunately  are  sometimes  included  and  sometimes  not,  which 
is  another  inconsistency.  These  electrolytic  bonds  therefore  have 
certain  clearly  known  physical  properties  by  which  they  can  be 
definitely  distinguished  from  the  other  kind  which  do  not  have 
them,  though  both  may  have  other  properties  in  common. 

Valence: — This  important  term  is  used  in  such  different  senses 
by  different  writers  that  its  utility  suffers.  Most  chemists  use  it 
as  representing  the  number  of  bonds  per  atom  of  an  element  in 
combination,  and  the  values  in  this  sense  are  given  in  tables ;  yet 
others  say  that  in  Na2S04  for  instance,  the  Na  has  a  valence  of  2, 
and  the  O  a  valence  of  8,  yet  in  tables  giving  the  ordinary  valences 
of  the  elements  those  values  are  never  given  for  those  elements ; 
those  who  use  the  term  valence  in  this  sense  mean  the  number  of 
bonds  existing  in  that  combination,  and  not  those  per  atom,  hence 
either  they  are  wrong  or  else  the  usual  tables  are  wrong ;  both 
cannot  be  right  if  the  term  valence  has  any  definite  meaning. 

In  view  of  the  fact  that  such  tables  of  valences  are  in  common 
use,  it  is  here  recommended  to  limit  this  term  valence  to  the  num- 
ber of  bonds  per  atom,  the  sense  in  which  it  is  used  in  such  tables; 
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and  if  one  wishes  to  refer  to  the  number  of  bonds  in  a  compound 
then  why  not  say  so  by  calHng  them  what  they  are,  namely  bonds, 
and  not  confuse  matters  by  using  the  term  valence  in  two  different 
senses. 

Some  writers  use  the  older  term  valency  as  synonymous  with 
valence.  It  is  recommended  here  to  make  good  use  of  a  distinction 
between  them  by  letting  the  term  valency  be  used  to  represent  the 
property  of  an  atom  of  that  element  to  combine  with  others  in 
those  proportions,  and  limit  the  term  valence  to  the  07ie  particular 
value  which  it  has  in  the  specific  case ;  thus  it  would  be  said  that 
copper  as  an  element  possesses  the  property  of  having  a  valency 
of  1  and  2,  and  that  in  cuprous  salts  it  has  a  valence  of  1  and  in 
cupric  salts  a  valence  of  2. 

To  thus  limit  the  term  valence  to  the  actual  number  of  bonds 
per  atom  in  a  particular  compound,  also  has  other  important  ad- 
vantages. In  that  sense  when  an  element  is  in  its  free  state  it  of 
course  has  no  bonds  connecting  it  with  any  other  element,  hence 
it  must  follow  as  a  necessary  consequence  and  as  a  matter  of 
consistency,  that  its  valence  in  its  free  state  must  be  zero;  the 
utility  of  this  will  be  shown  below.  Some  writers  use  the  term 
zero  valence  as  referring  to  those  elements  (like  the  noble  gases, 
such  as  argon)  which  never  enter  into  any  combination.  It  is 
recommended  here  to  use  the  term  non-valent  in  such  cases,  and 
let  the  term  zero  valence  always  mean  the  uncombined  state  of  any 
element.  All  chemical  reductions  are  always  reductions  of  the 
valence,  and  when  the  last  one  of  the  bonds  has  been  broken  there 
naturally  can  be  none  left,  and  the  element  is  then  reduced  to  its 
free  state,  hence  a  free  element  must  necessarily  have  a  zero 
valence.  Moreover  the  valence  of  some  elements  may  change 
from  +  to  —  or  the  reverse ;  it  must  therefore  follow  as  a  neces- 
sary mathematical  consequence  that  they  then  must  pass  through 
a  zero  valence. 

Most  elements  will  during  electrolysis  always  go  to  one  particu- 
lar electrode  and  never  to  the  other ;  hydrogen  for  instance  always 
goes  to  the  cathode  and  oxygen  always  to  the  anode.  Some  others, 
however,  like  chlorine,  nitrogen,  sulphur,  etc.,  sometimes  go  to 
the  cathode  and  sometimes  to  the  anode.  The  direction  in  which 
they  go  is  determined  by  the  sign  of  the  electric  charges  carried  by 
them,   and   as   every   96,494   coulombs    (one    faraday)    of    such 
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charges  corresponds  to  one  of  the  bonds  of  the  valence  (of  a 
gram-atom),  it  will  often  simplify  and  clarify  matters  to  attach 
these  signs  to  the  valences,  that  is,  to  distinguish  between  positive 
and  negative  valences ;  although  recommended  long  ago-,  this  is 
not  usually  done ;  it  would  in  many  cases  simplify  and  clarify 
conceptions  and  calculations,  besides  bringing  about  better  con- 
sistency. 

Attaching  these  signs  to  the  valences  not  only  shows  which 
electrode  the  respective  elements  will  go  to,  that  is,  whether  they 
carry  -f  or  —  charges,  but  also  is  of  use  in  bringing  about  con- 
sistency in  some  cases  in  which  inconsistency  and  confusion  now 
exist,  it  is  in  fact  inconsistent  not  to  do  so.  For  instance  in  oxidiz- 
ing the  sulphur  in  HoS  to  SO3  the  increase  of  valence  is  really 
8  units  because  the  valence  of  S  in  HgS  is  really  — 2  and  that  in 
SO3  is  +6,  hence  the  total  change  (the  algebraic  difference)  is  8 
and  not  4  as  it  would  appear  to  be  when  the  negative  sign  is  neg- 
lected. The  sign  of  this  change  of  valence  indicates  the  direction 
of  the  current  which  would  bring  about  this  change,  if  electrolytic ; 
if  the  sign  of  this  change  is  negative  it  involves  a  reduction,  if 
positive,  an  oxidation.  Changing  CH^  (methane)  into  CCI4 
(carbon  tetrachloride)  is  acknowledged  to  be  an  oxidation;  but  it 
is  also  universally  acknowledged  that  oxidation  is  always  an  in- 
crease of  valence  and  yet  the  valence  of  C  in  both  is  4,  that  is 
there  has  been  no  increase.  If  however  the  proper  signs  are 
attached  to  these  valences  that  of  C  in  CH^  is  — 4  while  in  CCI4 
it  is  -^4,  it  is  at  once  clearly  evident  that  there  has  been  an  increase 
of  8  units  in  the  valence,  the  algebraic  difference;  and  if  this 
chemical  change  could  be  produced  electrically  it  would  be  found 
to  require  8  faradays  or  unit  changes  or  enlarged  electrons,  to  do 
it,  for  each  gram-molecule. 

When  the  signs  of  the  valences  are  included  the  sum  of  the 
positive  and  negative  ends  of  the  bonds  (or  the  charges,  after 
ionization)  must  necessarily  always  add  up  to  zero;  thus  in 
H.SO4,  -|-2  -|-6  — 8  =  0.  This  enables  the  sign  of  any  one  of 
them  to  be  determined  when  those  of  the  others  are  known. 

Every  electrolytic  reaction  involves  a  change  of  valence,  there 
is  always  an  increase  of  valence  in  the  anions,  as  is  manifested  at 

-  See  the  writer's  article  in  Electrochem.  Industry,  now  Met.  and  Chem.  Eng'ne 
January.    1903,   p.    169. 
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the  anode,  and  a  decrease  in  the  cations,  as  is  manifested  at  the 
cathode ;  and  each  unit  change  of  valence  corresponds  to  a  charge 
of  one  faraday  (96.494  coulombs  or  26.80  ampere-hours).  To 
neglect  the  negative  signs  of  the  valences  therefore  introduces  such 
confusion  and  inconsistencies  that  this  very  useful  rule  and  guide 
becomes  useless,  while  when  the  negative  signs  are  attached  to 
the  valences  to  which  they  belong,  this  rule  becomes  one  of  the 
most  useful  and  helpful  in  electrochemistry,  as  it  is  rigidly  correct, 
it  being  a  modernized  form  of  expressing  Faraday's  law. 

Change  of  Valence: — It  should  be  more  clearly  brought  out  that 
the  valence  of  an  element  in  combination  is  not  the  basis  of  calcu- 
lations of  the  quantities  of  material  involved  in  electrolysis  and 
in  the  ionization  which  precedes  it.  It  is  the  change  of  valence 
and  not  the  valence  itself  which  is  the  basic  factor.  Whenever  an 
element  is  set  free  from  a  compound  the  change  of  valence  and 
the  valence  which  it  had,  are  the  same,  as  the  valence  of  a  free 
element  is  zero.  But  it  not  infrequently  happens  that  nothing  is 
set  free,  as  for  instance  in  the  depolarizers  of  batteries,  in  the 
electrodes  of  storage  batteries,  in  the  reduction  of  ferric  to  ferrous 
compounds,  etc. ;  in  all  such  cases  it  is  the  change  of  valence  and 
not  the  valence  itself  which  is  the  basic  factor  in  calculations.  Iron 
in  ferric  compounds  has  a  valence  of  3  and  in  ferrous  2,  hence 
the  change  of  valence  is  1,  neither  of  the  valences  3  nor  2  would 
give  the  correct  result. 

Electrons: — As  it  is  the  fashion  today  to  talk  in  terms  of  elec- 
trons which  constitute  these  electric  charges,  and  as  these  electrons 
are  so  inconceivably  small  and  of  such  indefinitely  known  size  that 
they  cannot  yet  be  used  in  practical  calculations,  the  writer  recom- 
mends^ introducing  a  very  definite,  practical  unit  for  measuring 
quantities  of  electrons  which  might  be  called  the  enlarged  or  prac- 
tical electron  or  a  gram-atom-electron,  and  which  is  exactly  equal 
to  the'  faraday  (96,494  coulombs  or  26.80  ampere-hours).  It  then 
becomes  strictly  correct  to  say  that  each  of  the  bonds  represented 
by  the  valences  (as  valences  are  defined  above)  corresponds  to  one 
of  these  enlarged  electrons,  and  that  therefore  the  gain  or  loss  of  1, 
2,  3,  etc.,  units  of  valences  involved  in  oxidations  and  reductions, 

'  "An  Enlarged  Electron  of  Practical  Size:  The  Faraday."  Met.  and  Chem.  Enjf., 
May  15,   1917,  p.   598. 
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corresponds  with  a  gain  or  loss  of  1,  2,  3,  etc.,  of  these  enlarged 
electrons  respectively,  for  each  gram-atom  or  gram-ion  of  the 
material. 

Elements  neither  free  nor  combined: — Modern  teachings  that 
elements  are  always  in  either  the  free  or  the  combined  state,  and 
in  no  other,  has  led  to  considerable  disagreement  and  confusion 
as  to  which  of  these  two  states  an  element  is  in  when  in  the  ionized 
state.  It  is  apparently  not  disputed  that  when  an  electrolytic  salt 
is  dissolved  in  water  it  is  dissociated  into  two  kinds  of  ions  carry- 
ing electric  charges  of  opposite  signs,  and  that  there  are  then  many 
more  molecules  than  the  original  number  of  molecules  of  the  un- 
dissolved salt ;  the  salt  is  then  said  to  be  ionized.  Some  say  these 
ions  then  are  free,  yet  it  is  known  that  they  are  not,  nor  are  they 
still  combined,  as  the  salt  has  separated  into  more  molecules  than 
there  were  before,  yet  the  solution  still  has  more  of  the  properties 
of  the  salt  than  of  the  free  elements.  To  call  them  free  is  therefore 
as  incorrect  as  to  call  them  combined  :  the  adherents  of  each  view 
must  state  it  with  an  apology  when  they  teach  their  students,  and 
the  student  naturally  is  left  with  a  confused  idea.  Physical  chem- 
ists disagree  as  to  whether  those  elements  in  this  ionized  state 
which  carry  the  positive  charges  can  be  said  to  be  reduced  or 
whether  the  real  reduction  occurs  only  when  they  are  subsequently 
freed  by  the  current. 

Under  these  circumstances  much  confusion  would  be  avoided 
by  recognizing  this  ionized  state  as  a  third  state,  which  is  neither 
the  combined  nor  the  free  state;  there  is  a  difference  in  kind  and 
not  merely  in  degree.*  Discussions  of  this  state  can  then  be  more 
intelligently  carried  on  without  wasting  mental  efforts  to  try  to 
identify  this  state  with  either  of  the  others. 

It  is  known  definitely  that  neither  the  original,  undissolved  salt 
nor  its  constituent  elements  when  quite  free,  carry  any  free  charges 
of  electricity,  and  it  seems  not  to  be  disputed  that  while  ionized 
they  do  carry  such  free  charges.  They  get  these  free  charges  in 
some  mysterious  way  during  the  process  of  dissociation  or  ioniza- 
tion, and  they  are  relieved  of  them  again  in  a  less  mysterious  way 
during  the.  process  of  electrolysis  by  transmitting  them  to  the 
electrodes,  whereby  the  elements  become  really  free. 

■*  "Elements  Neither  Free  nor  Combined.  A  Third  State."  Journal  American 
Chemical  Society,  August,   1917,  page  1619. 
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Reduction: — It  is  probably  not  contested  that  chemical  reduction 
always  is  a  reduction  in  valence  as  its  name  implies,  and  this  ought 
to  be  its  strict  and  correct  definition.  When  a  ferric  compound 
is  changed  into  a  ferrous  it  is  universally  called  a  reduction ;  the 
valence  was  reduced  from  3  to  2,  namely  by  1  unit ;  if  the  ferrous 
could  again  be  reduced  in  valence  by  another  unit  it  would  still  be 
a  reduction,  yet  in  neither  case  is  the  iron  set  free;  hence  true 
reduction  does  not  necessarily  mean  that  the  element  has  been  set 
free ;  it  is  only  when  the  valence  has  been  reduced  completely  to 
zero  by  the  breaking  of  the  last  bond,  that  the  element  is  set  free ; 
freeing  an  element  is  therefore  a  mere  incident  in  some  reductions, 
but  is  not  an  essential  or  governing  factor  in  defining  reduction. 

Moreover  as  chemical  reduction  is  necessarily  a  reduction  in 
valence,  an  element  may  have  its  valence  reduced  from  0  to  a 
negative  valence,  in  which  case  the  combined  element  has  been 
"reduced"  from  its  free  state,  as  for  instance  when  free  sulphur 
(valence  0)  enters  into  conil^ination  with  H  to  form  H.S  in  which 
the  valence  of  S  is  — 2.  Moreover  an  element  may  be  set  free 
from  its  combination  by  oxidizing  it,  as  will  be  shown  below. 

Setting  an  element  free  from  its  combination  is  therefore  not 
an  essential  attribute  of  reduction  ;  the  reduction  of  valence  is  what 
should  characterize  chemical  reduction. 

When  two  equal  and  opposite  charges  bind  each  other,  the  body 
is  electrically  neutral  and  the  bond  exists.  When  these  two  charges 
become  free  the  bond  which  had  held  them  together  no  longer 
exists,  hence  free  charges  mean  broken  bonds;  either  the  bonds  or 
the  free  charges  exist,  they  cannot  both  exist  simultaneously,  as 
each  one  takes  the  place  of  the  other.  Hence  when  the  free  charges 
exist,  as  they  do  after  ionization,  the  bonds  must  have  been  broken, 
and  as  chemical  reduction  is  a  breaking  of  bonds,  that  is,  a  reduc- 
tion of  their  number,  it  must  have  occurred  during  the  ionization 
or  dissociation.  The  subsequent  freeing  of  the  ionized  elements 
by  relieving  them  of  their  charges  during  electrolysis,  is  therefore 
not  the  true  seat  of  the  actual  reduction,  if  the  above  analysis  is 
correct.  This  is  contrary  to  the  generally  accepted  ideas,  but  the 
writer  considers  it  to  be  correct  and  it  certainly  brings  about  a 
logical  consistency  which  did  not  exist  before,  and  it  simplifies  the 
whole  subject  and  makes  it  easier  for  the  student  to  understand. 
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The  process  of  discharging  the  ions  should  be  given  a  name,  so 
that  it  can  be  referred  to  specifically. 

In  modern  nomenclature  one  or  more  -f  and  —  signs  are  often 
placed  over  the  ions  of  a  compound  indicating  the  number  of 
charges  carried  by  the  ions.  Over  the  Fe  in  ferric  compounds 
there  are  3  plus  signs  and  in  the  ferrous  compound  2.  From  this 
it  is  argued  in  some  books  that  the  iron  has  lost  one  positive  charge 
when  it  was  reduced  from  ferric  to  ferrous.  The  writer  however 
contends  that  this  is  only  apparent  but  not  real,  and  that  the  real 
facts  are  quite  the  contrary,  namely  that  it  has  lost  a  negative 
charge  during  this  reduction.  These  charges  represent  those  car- 
ried by  ionized  iron  after  the  former  was  reduced  to  uncombined 
iron  from  a  ferric  compound  and  the  latter  from  a  ferrous,  that 
is,  after  the  three  and  two  bonds  had  been  replaced  by  three  and 
two  charges  respectively  ;  and  during  this  transformation  of  bonds 
into  charges  the  ferric  iron  lost  three  negative  charges  (because 
it  left  three  positive  ones  on  the  ion),  and  the  ferrous  lost  only 
two,  when  both  were  reduced  to  uncombined  iron  by  ionization ; 
hence  the  ferrous  iron  had  one  less  to  start  with,  which  it  must 
therefore  have  lost  when  it  w'as  reduced  from  ferric  to  ferrous 
before  the  ionization. 

It  seems  true  that  the  energy  involved  in  the  freeing  of  the  ions 
of  their  charges  is  greater  than  that  involved  in  ionizing  them,  and 
that  the  former  more  nearly  corresponds  with  the  energy  found 
to  be  involved  in  the  purely  thermal  process  used  to  determine  the 
so-called  heat  of  combination,  which  must  necessarily  be  equal  to 
the  sum  of  the  other  two.  But  are  we  prepared  to  say  that  in  this 
thermal  process  all  the  energy  is  used  merely  in  breaking  the  bond  ? 
May  it  not  be  that  this  thermal  process  is  also  a  double  or  two-step 
process,  and  that  the  breaking  of  the  bond  is  merely  one  of  these 
steps  ?  We  are  at  least  not  able  to  say  that  it  is  not  so,  and  in  view 
of  the  lack  of  more  definite  knowledge  concerning  the  correct 
analysis  of  these  energy  reactions,  they  should  not  deter  us  from 
accepting  w'hat  seems  to  be  the  more  logical  and  consistent  con- 
clusion which  seems  to  agree  with  all  other  facts,  that  the  true 
reduction,  namely  the  breaking  of  the  bonds,  occurs  during  the 
ionization  or  dissociation,  as  the  latter  term  also  implies. 

The  confined  space  above  a  liquid  is  usually  saturated  with  the 
vapor  of  the  liquid.     It  is  known  that  the  vaporization  involves 
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an  expenditure  of  considerable  energy,  the  so-called  latent  heat, 
yet  the  amount  of  energy  which  must  have  been  consumed  in 
saturating  this  space  with  this  vapor  is  generally  so  small  that  it 
is  not  considered.  If  however  this  vapor  were  removed  very  fast, 
say  by  a  blast  of  dry  air,  the  latent  heat  makes  itself  very  evident 
by  the  rapid  cooling,  or  by  requiring  heat  enough  to  be  added  to 
keep  it  boiling,  so  as  to  keep  the  space  above  it  in  a  state  of  satura- 
tion. Why  is  not  this  analogous  to  the  energy  reactions  in  ioniza- 
tion and  in  the  subsequent  discharging  of  the  ions  by  electrolysis. 
A  comparatively  small  amount  of  energy  is  involved  in  "satur- 
ating" the  solution  automatically  with  the  ions ;  it  is  small  because 
the  quantity  of  ions  is  small ;  but  when  these  charged  ions  are 
being  rapidly  removed  by  electrolysis  the  energy  required  to  main- 
tain this  state  of  "saturation"  becomes  very  large  and  very  evident. 
The  process  of  ionization  may  therefore  in  fact  require  consider- 
able energy  just  as  in  vaporization.  Are  we  prepared  to  say  that 
this  is  not  so? 

Chemical  reduction  being  a  reduction  in  valence,  must  neces- 
sarily, for  the  sake  of  consistency,  be  applied  to  all  cases  in  which 
there  is  a  reduction  of  valence,  whether  from  -j-  to  or  toward  zero, 
or  to  a  negative  valence.  Thus  in  the  decomposition  of  water  the 
H  is  reduced,  as  its  valence  is  reduced  from  1  to  0.  But  in  the 
formation  of  HoS  the  S  must  also  be  said  to  have  been  reduced, 
as  its  valence  has  been  reduced  from  0  to  — 2 ;  the  same  is  true  of 
the  O  in  the  formation  of  water  from  this  gas ;  in  the  oxidation 
of  an  element  by  free  oxygen  the  element  is  properly  said  to  be 
oxidized,  but  the  oxygen  must  be  said  to  have  been  reduced,  as  its 
valence  was  reduced  below  0 ;  its  oxidizing  power  was  thereby 
reduced,  as  combined  oxygen  has  less  oxidizing  power  than  when 
free. 

Oxidation: — Reduction  and  oxidation  are  exactly  the  same 
chemical  process  but  are  merely  reversed  in  direction;  hence  all 
that  is  true  of  reduction  must  be  true  of  oxidation  in  the  reverse 
sense.  Oxidation  is  therefore  always  characterized  by  an  increase 
of  the  valence  or  an  addition  to  it ;  it  is  additive  in  character  while 
reduction  is  subtractive  ;  in  a  general  sense  oxidation  is  an  addition 
of  one  element  to  another,  while  reduction  is  a  subtraction  of  it. 
Any  chemical  reaction  which  does  not  involve  either  a  reduction 
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or  an  increase  of  valence  ought  properly  not  be  called  either  a 
reduction  or  an  oxidation. 

When  two  elements  are  being  combined  or  separated,  involving 
changes  of  valence,  it  necessarily  follows  that  if  one  is  being 
reduced  thereby  the  other  must  be  thereby  oxidized,  or  the  reverse. 
Thus  when  H  and  O  combine  to  form  water,  the  H  is  being  oxi- 
dized (valence  increased  from  0  to  1)  and  the  O  is  being  reduced 
(valence  reduced  from  0  to  — 2),  and  in  their  subsequent  separa- 
tion the  H  is  being  reduced  (valence  reduced  from  1  to  0)  and  the 
O  is  being  oxidized  (valence  increased  from  — 2  to  0).  The 
application  of  these  terms  to  the  oxygen  is  not  usual,  but  it  is  more 
consistent  and  brings  about  concordance ;  the  free  oxygen  is  then 
"oxidized  oxygen,"  its  oxidizing  power  is  greater  after  this 
separation. 

Gain  and  loss  of  cJiarges: — A  combination  of  elements  before 
dissociation  or  ionization  has  no  free  charges,  nor  have  the  result- 
ing freed  elements.  Hence  whatever  free  charges  they  gain  during 
ionization  they  must  lose  again  during  electrolysis ;  the  two  pro- 
cesses must  necessarily  balance  exactly.  The  cations  which  go  to 
the  cathode  during  electrolysis  must  necessarily  carry  positive 
charges  while  ionized,  and  the  anions  negative  ones,  or  else  they 
would  not  move  in  the  directions  they  do.  The  cations  must  there- 
fore have  gained  positive  charges  and  the  anions  negative  ones 
during  dissociation,  and  they  lose  them  again  during  electrolysis. 

When  the  above-mentioned  enlarged  electron  or  faraday  is 
taken  as  the  unit  charge,  then  each  charge  corresponds  to  one  unit 
change  of  valence,  or  to  one  of  the  bonds  of  each  gram-atom  that 
have  been  made  or  broken.  It  must  be  remembered  however  that 
this  applies  to  either  the  positive  or  the  negative  charges,  but  not 
to  both. 

All  true  electrolytic  reactions,  including  the  ionizations,  being 
based  on  the  gain  or  loss  of  charges,  hence  of  bonds  or  valences, 
belong  to  the  class  of  either  reduction  or  oxidation,  and  to  no  other. 
This  might  be  of  use  in  some  cases  in  distinguishing  primary  from 
secondary  reactions.  In  such  reactions  as  the  intense  and  strongly 
exothermic  one  H^O  -)-  SOg  =  HoSO^,  if  this  can  be  called  a 
chemical  one,  there  is  neither  a  loss  or  gain  of  any  bonds  or 
valences,  but  merely  a  rearrangement  of  them ;  it  could  therefore 
not  be  produced  electrochemically. 
28 
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Modern  developments  in  electricity  compel  vis  to  recognize  that 
it  is  the  negative  electricity  which  is  the  kind  that  moves,  and  that 
it  therefore  moves  in  the  opposite  direction  to  the  conventional 
arrow ;  hence  consistency  compels  us  to  consider  the  negative 
charge  as  the  unit  of  reference  in  place  of  the  positive,  in  speaking 
of  the  gain  or  loss  of  charges. 

If  the  chemical  reduction  is  admitted  to  take  place  during  the 
ionization,  that  is  when  the  bonds  are  being  broken  or  reduced  and 
converted  into  free  charges,  as  explained  above,  then  during  reduc- 
tion there  is  a  loss  of  charges  or  electrons  (negative  ones)  and 
during  oxidation  there  is  a  gain  of  such  charges.  The  cations 
which  are  the  reduced  ions,  carry  -{-  charges,  which  means  that 
they  have  lost  —  charges ;  the  anions  which  are  the  oxidized  ions 
(in  the  sense  above  explained)  carry  the  —  charges  which  they 
have  gained ;  in  the  un-ionized  compound  these  two  charges  are 
combined  and  therefore  are  neutral  and  not  free,  and  after  the 
ions  have  discharged  their  charges  on  to  the  electrodes  the  freed 
elements  are  again  electrically  neutral. 

Adduction: — As  the  term  oxidation  is  inconsistent  when  applied, 
as  it  often  is,  to  combinations  with  other  elements  than  oxygen, 
and  as  it  does  not,  like  the  term  reduction,  explain  itself,  it  is 
recommended  to  use  the  term  adduction  in  place  of  oxidation, 
because  the  process  is  of  an  additive  nature.  Reduction  then  im- 
plies a  subtraction,  hence  a  loss  of  valence  and  negative  charges 
or  electrons,  and  in  the  more  usual  sense,  the  loss  of  a  companion 
element  and  of  bonds,  while  adduction  then  implies  the  exact 
reverse,  namely  an  addition  or  a  gain  of  valence  and  negative 
charges  and,  in  the  more  usual  sense,  the  gain  of  a  companion 
element  and  of  bonds. 

Sign  of  Electrode  Potential;  an  Exothermal  Charging: — To  use 
as  an  illustration  a  zinc  electrode  in  zinc  sulphate,  it  is  known  that 
the  zinc  ions,  which  leave  the  formerly  neutral  zinc  electrode,  have 
acquired  positive  charges  and  therefore  their  former  companion 
negative  charges  must  be  left  on  the  electrode ;  hence  the  electrode 
is  negative  to  the  zinc  ions  in  the  solution ;  negative  electrons  have 
moved  from  the  neutral  zinc  atoms  to  the  electrode,  charging  the 
latter  negatively  and  leaving  the  zinc  ions  charged  positively.  If 
now  a  current  be  allowed  to  flow,  as  by  connecting  a  voltmeter  to 
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them,  negative  electrons  must  flow  from  the  electrode  to  the  zinc 
ions  in  that  external  circuit,  namely  in  relatively  the  opposite 
direction,  though  in  the  same  direction  around  the  circuit.  Or  the 
conventional  cvirrent  (positive  electrons)  flows  from  the  electrode 
to  the  solution  in  the  cell  and  from  the  solution  to  the  electrode 
through  the  circuit  outside  of  the  cell.  The  apparently  contra- 
dictory fact  that  this  conventional  current  flows  from  the  electrode 
to  the  solution  in  the  cell,  although  the  electrode  is  negative  to  the 
solution,  is  due  to  the  fact  that  this  is  a  generator  or  originator  of 
the  current,  hence  is  exothermic;  in  all  generators  the  current 
must  necessarily  flow  from  the  —  to  the  .-{-  pole  in  the  interior 
in  order  to  flow  from  the  -\-  to  the  —  pole  in  the  external  circuit. 

Faraday's  Lazv: — Unless  Faraday's  law  is  stated  in  terms  of 
the  change  of  valence  instead  of  the  valence,  it  is  not  a  universal 
law,  and  in  fact  is  not  always  correct,  as  there  are  numerous  cases 
in  which  it  is  the  change  of  valence  and  not  the  valence  itself 
which  governs  the  quantitative  calculations,  as  was  explained 
above ;  to  base  the  law  on  the  change  of  valence  makes  it  universal, 
as  it  then  applies  to  all  cases. 

In  electrolysis,  when  the  equivalents  between  the  quantities  of 
electricity  (the  electrons)  and  of  the  elements  set  free  by  them  are 
given  in  terms  of  the  volumes  of  these  elements  in  their  gaseous 
forms,  instead  of  in  terms  of  their  weights,  there  exists  a  simpler 
and  more  fundamental  law  than  that  of  Faraday,  as  the  volume 
(at  0°  and  760  mm.)  per  electron  (or  per  coulomb  or  ampere- 
hour)  is  then  the  same  for  all  the  elements  per  unit  change  of 
valence  when  they  are  in  their  monatomic  state  (one  atom  per 
molecule),  namely  one  liter  per  4,309.7  coulombs,  or  twice  this 
for  a  liter  of  a  diatomic  gas,  three  times  for  a  triatomic  one,  etc. ; 
or  when  the  change  of  valence  is  more  than  one,  this  constant  must 
be  multiplied  by  the  change  of  valence.  This  may  be  deduced 
from  a  combination  of  the  laws  of  Avogadro  and  Faraday,  and 
assumes  the  products  to  be  perfect  gases.  It  could  be  termed  the 
electrophysical  equivalent,  as  it  is  independent  of  the  atomic 
weights  or  densities  of  the  elements. ° 

This  being  the  more  basic  or  more  fundamental  physical  law, 
Faraday's  law  may  be  considered  a  corollary  of  it. 

»  "Electrolytic  Equivalents  of  Gases"  by  the  writer.  Met.  and  Chen;  Ene  Aoril  1 
1917,  p.  383.  ^        ' 
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SUMMARY. 

A  more  precise  distinction  should  be  made  between  different 
kinds  of  bonds.  The  term  valence  should  be  more  strictly  defined ; 
negative  and  zero  valences  should  .be  included.  The  proposed 
practical  unit  for  measuring  electrons  should  be  used.  The  ionized 
state  should  be  considered  as  differing  in  kind  from  either  the 
free  or  the  combined  state.  Reduction  should  include  all  and  only 
cases  of  reductions , in  valence,  and  oxidation  all  and  only  cases 
of  an  increase  of  valence,  hence  the  new  term  adduction.  The 
significance  of  the  gaining  and  losing  of  electrons  should  be  more 
clearly  understood;  the  sign  of  electrode  potentials  is  then  more 
easily  understood.  As  sometimes  stated,  Faraday's  law  is  not  a 
universal  one,  and  it  is  a  corollary  of  a  more  basic  one. 


DISCUSSION. 


W.  D.  Bancroft^  :  I  am  sorry  that  Dr.  Hering  has  seen  fit  to 
publish  this  paper  in  its  present  form.  A  man  writing  on  this 
subject  should  familiarize  himself  with  the  literature.  It  is  quite 
possible  that  with  hydrogen  we  have  non-polar  bonds ;  that  has 
been  suggested  before.  But  the  matter  cannot  be  settled  in  the 
charming  oft-hand  way  Mr.  Hering  uses,  of  saying  we  cannot 
have  a  positive  and  negative  hydrogen  in  the  case  of  molecular 
hydrogen. 

If  you  start  with  J.  J.  Thompson's  electron  theory,  your  mole- 
cule of  hydrogen  comes  into  being  by  one  of  the  atoms  of  hydro- 
gen taking  an  electron  from  the  other,  in  which  case  one  of  these 
atoms  is  positive,  and  the  other  hydrogen  atom  is  negative.  It 
seems  to  me  J.  J.  Thompson's  views  are  at  least  worthy  of  ref- 
erence in  a  case  of  this  sort. 

Mr.  Hering  postulates  non-polar  bonds  in  the  case  of  hydrogen ; 
on  the  other  hand,  he  assumes  polar  bonds  with  methane.  All 
of  the  other  people  who  believe  in  non-polar  bonds  have  non- 
polar  bonds  also  in  the  case  of  methane.  This  should  have  been 
discussed. 

Mr.  Hering  states  specifically  that  he  limits  his  discussion  to 

*  Professor  of  Chemistry,  Cornell  University. 
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electrolytes,  and  to  things  of  that  sort,  but  there  is  no  theoretical 
difference  between  the  reduction  of  chlorates  and  of  nitrobenzene. 

Then  Mr.  Hering  quotes  an  extraordinary  statement  from  an 
tumamed  chemist  in  regard  to  the  valence  of  sodium  sulphate. 
I  am  perfectly  certain  Mr.  Hering  has  misunderstood,  and  con- 
sequently misquoted,  the  chemist.  What  the  unnamed  chemist 
meant  was  that  you  have  two  sodium  and  eight  oxygen  bonds. 

Mr.  Hering  says  that  this  method  has  brought  about  a  g;reat 
simplification  in  his  point  of  view.  Of  course,  I  cannot  dispute 
that  because  I  do  not  know  what  his  point  of  view  was.  But 
there  is  nothing  in  this  paper  that  makes  a  simplification,  as  far 
as  I  am  concerned.  It  seems  to  me  it  makes  things  more  com- 
plicated, rather  than  simpler. 

J.  W.  Richards'  :  I  think  there  are  some  points  in  this  paper 
which  we  could  study  and  consider  with  profit.  I  believe  the 
conception  of  zero  valence  for  the  free  elements  is  required  of 
us  as  a  necessary  corollary  of  Faraday's  Law  of  Electrolysis. 
The  conception  seems  to  be  a  useful  one.  It  is  not  so  stated  or 
explained  at  present  in  the  text  books,  but  I  think  it  is  useful 
to  consider  it,  and  perhaps  to  adopt  it.  The  idea  that  when  an 
element  passes  from  positive  valence  to  negative  valence  it  passes 
through  zero  valence,  or  the  broader  idea,  that  when  freeing  it 
you  have  reduced  or  adduced  it  to  zero  valence,  is  to  my  mind  a 
logical  and  a  useful  conception. 

There  are  some  details  of  the  paper  with  which  I  cannot  agree. 
One  is  that  we  adopt  a  new  electron  of  96,500  coulombs.  Think- 
ing over  that  since  Dr.  Hering  suggested  it  a  couple  of  months 
ago,  I  cannot  see  that  it  means  anything  else  than  giving  another 
name  to  the  faraday,  and  there  is  absolutely  no  need  of  doing  so. 
Mr.  Hering  says,  on  page  425.  "When  the  above-mentioned  en- 
larged electron  or  faraday  is  taken  as  the  unit  charge,  then  each 
charge  corresponds  to  one  unit  change  of  valence,  or  to  one  of 
the  bonds  of  each  gram-atom  that  has  been  made  or  broken." 
He  thus  gives  them  alternatively,  the  one  as  equivalent  to  the 
other.  I  see  no  use  in  speaking  of  any  new  unit,  since  the  new 
one  is  really  the  old  unit  which  we  have  been  using. 

I  cannot  agree  with  Dr.  Hering  that  when  you  put  a  substance 
into  solution  reduction  takes  place  in  the  act  of  solution.     That 

^  Professor  of  Metallurgy,  Lehigh  University. 
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is,  I  think,  a  fundamental  error.  The  reduction  is  accomplished 
only  by  the  passage  of  faradays  of  current. 

On  page  422,  we  read :  "When  the  free  charges  exist,  as  they 
do  after  ionization,  the  bonds  must  have  been  broken,  and  as 
chemical  reduction  is  a  breaking  of  bonds,  that  is  a  reduction  of 
their  number,  it  must  have  occurred  during  the  ionization  or  dis- 
sociation," If  we  dissolve  ferric  sulphate  in  water,  to  what  is  it 
reduced  by  the  act  of  solution?  If  you  say  the  reduction  has 
taken  place,  is  it  to  ferrous  sulphate,  or  to  iron?  I  cannot  see 
that  Mr.  Hering's  statement  brings  anything  but  confusion  into 
our  views  on  that  subject. 

I  do  not  like  ]\Ir.  Hering's  argument  on  page  423 :  "May  it  be 
that  this  thermal  process  is  also  a  double  or  two-step  process, 
and  that  the  breaking  of  the  bond  is  merely  one  of  these  steps? 
We  are  at  least  unable  to  say  that  it  is  not  so,  and  in  view  of  the 
lack  of  more  definite  knowledge  concerning  the  analysis  of  these 
energy  reactions,  that  should  not  deter  us  from  accepting  it." 
That  is  not  logical  reasoning.  We  may  not  be  able  to  prove  that 
the  moon  is  not  made  out  of  green  cheese,  but  we  do  not  there- 
fore have  to  accept  the  dictum  that  it  is. 

I  do  not  agree  with  ]\Ir.  Hering's  statement  that  Faraday's 
Law  is  only  a  partial  statement  of  a  more  general  law.  It  is 
true,  as  stated  at  the  bottom  of  page  427,  that  we  can  associate 
a  definite  amount  of  any  mono-valent  gas,  which  is  monatomic, 
with  a  definite  number  of  coulombs ;  also  a  definite  amount  for 
diatomic  gas.  for  a  triatomic  one,  etc.  But  it  seems  that  Fara- 
day's Law  is  more  simple  than  this  complex  statement  of  the 
connection  of  the  volume  of  the  gas  with  Faraday's  Law. 

There  are  statements  in  the  paper  with  which  no  chemists  dis- 
agree; and  there  are  statements,  as  Prof.  Bancroft  pointed  out, 
which  should  not  be  ascribed  to  chemists  as  a  class,  because  they 
are  not  used  by  careful  chemists. 

I  think  Dr.  Hering  has  criticized  the  chemists  mostly  from  the 
electrical  engineer's  point  of  view,  without  a  thorough  apprecia- 
tion of  chemical  usage. 

F.  C.  Frarv"  :  At  the  bottom  of  page  422.  after  discussing  re- 
duction by  solution,  it  is  stated  "This  is  contrary  to  the  generally 
accepted  ideas,  but  the  writer  considers  it  to  be  correct,  and  it 

'  Research  Director,  Ahimimim   Company  of  America. 
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certainly  brings  about  a  logical  consistency  which  did  not  exist 
before,  and  it  simplifies  the  whole  subject  and  makes  it  easier 
for  the  student  to  understand." 

I  fail  to  see  that  because  it  is  easy  to  understand  a  thing,  it 
makes  it  true. 

At  the  top  of  the  next  page,  "The  process  of  discharging  the 
ions  should  be  given  a  name,  so  that  it  can  be  referred  to  specifi- 
cally." Why  not  call  it  "electrolysis,"  if  Dr.  Hering  wants  a 
different  name?  That  is  what  electrolysis  is.  I  do  not  see  that 
the  name  is  needed.  It  seems  disadvantageous  to  add  more  new 
names. 

With  regard  to  zero  valence,  I  think  our  conception  of  valence 
has  been  muddled  by  the  different  authors  of  text-books.  Val- 
ence is  the  combining  power  of  an  element,  measured  by  the 
number  of  atoms  of  hydrogen  which  one  atom  of  that  element 
will  combine  with  or  replace.  Certain  elements,  whose  vapor  has 
been  shown  to  be  monatomic,  may  be  said  to  have  zero  valence 
in  the  gaseous  state.  But  in  all  other  gases  we  do  not  believe 
that  the  elements  have  a  zero  valence,  and  there  is  no  advantage 
in  saying  so.  Where  we  do  not  know  anything  about  the  number 
of  atoms  in  the  molecule,  as  in  the  solid  metals,  etc.,  I  do  not  see 
why  we  should  make  the  unwarranted  assumption  of  zero  va- 
lence instead  of  the  more  plausible  and  reasonable  assumption 
that  the  atoms  are  combined  in  some  way  or  another,  and  must 
have  some  sort  of  valence  in  that  combination.  We  do  not  know 
what  that  valence  is,  but  we  are  certain  it  is  not  zero. 

J.  W.  Richards  :  I  wish  to  champion  Dr.  Hering's  position  on 
that  point.  As  an  example :  In  a  ferric  compound  the  iron  atom 
has  a  valence  of  3.  We  pass  1  faraday  and  this  reduces  its  val- 
ence to  2.  It  reduces  it  to  a  ferrous  atom.  We  continue  to  pass 
the  current,  send  2  faradays  more  through,  and  remove  two  more 
valences,  and  it  is  thoroughly  logical  to  say  that  we  have  reduced 
the  valence  of  the  iron  atom  to  zero. 

Mr.  Frary  has  already  said  that  we  have  reduced  the  valence 
of  the  jron  from  3  to  2  by  the  passage  of  one  faraday.  When 
we  still  further  reduce  it,  with  two  faradays  more,  we  reduce  it 
to  zero.  Whether  you  like  it  or  not,  the  statement  is  strictly 
logical. 
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H.  C.  p.  Weber^  :  The  idea  of  zero  valence  is  not  new  and  no 
objection  can  be  raised  to  its  application  if  certain  limitations  are 
kept  in  view.  If  you  consider  valence  as  a  function  of  the  elec- 
trical charges  on  the  atom,  then  you  are  justified  in  saying  that 
"A  free  element  has  zero  valence."  Thus,  for  instance,  free 
silver  has  a  valence  of  zero.  In  Ag+"  we  have  zero  charge,  or 
in  H+H"  the  same.  That  is  an  experimental  fact,  of  course,  and 
while  the  statement  that  the  valence  is  zero,  since  the  valence  elec- 
trons are  not  functioning,  is  arbitrary  in  a  way,  it  fits  the  facts 
of  the  case  if  we  understand  it  as  "equal  to"  zero. 

The  conception  has  been  used  for  some  time  in  text-books. 
Treadwell  employs  it  in  his  Qualitative  Analysis  (4th  Am.  Ed., 
1916),  and  W.  A.  Noyes,  in  his  general  chemistry  (1914),  devotes 
considerable  space  to  it.  In  class  work — I  speak  of  work  with 
students  at  the  University  of  Illinois — I  found  the  zero  valence 
method  of  balancing  oxidation  and  reduction  equations  the  most 
satisfactory   for  the  majority  of  the  students.     In  the  reaction 

CL?  +   2  Fe  CI.,  =  2  Fe     CI," 

chlorine  has  zero  valence  to  begin  with.  A  molecule  loses  2 
charges,  each  atom  of  chlorine  taking  a  negative  valence  of  1, 
while  two  iron  atoms  increase  from  -{-2  to  -\-3. 

All  this  is  not  new,  and  with  the  facts  clearly  in  mind  furnishes 
a  very  useful  working  conception. 

Carl  Hering:  The  fact  that  this  subject  of  chemical  terms 
and  definitions  has  given  rise  to  so  much  discussion  for  years, 
is  the  best  kind  of  proof  that  there  is  dissatisfaction,  and  there- 
fore room  for  reforms  and  improvement.  Among  electrical  en- 
gineers there  is  no  such  perennial  discussion  about  the  meaning 
of  their  terms  and  units,  as  they  have  been  clearly  and  definitely 
established  long  ago  and  are  consistent  throughout ;  any  faults 
in  them  were  at  once  rectified.  The  reforms  described  in  this 
paper  are  mere  suggestions  ;  I  do  not  think  anyone  can  deny  that 
there  would  then  at  least  be  a  logical  consistency  throughout. 
If  these  suggestions  merely  act  as  stepping-stones  to  sotpething 
better,  their  purpose  will  have  been  accomplished. 

I  would  not  have  written  the  paper  had  I  not  been  encouraged 
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by  some  chemists ;  Dr.  Bancroft's  views  are  therefore  not  held 
by  chemists  in  general.  His  criticisms  are  based  on  matters  of 
opinion  and  not  of  fact ;  they  are  of  a  broad  and  sweeping  char- 
acter and  therefore  cannot  be  answered  specifically.  He  points 
out  no  specific  errors ;  moreover  he  apparently  has  not  read  the 
paper-  w'ith  care.  As  far  as  I  know,  nothing  that  I  have  said  con- 
tradicts J.  J.  Thompson's  views,  for  which  I  have  the  highest 
regard.  •  Thompson  is  reported  to  have  said :  "an  atom  plus  an 
electron  is  a  mono-valent  anion ;  an  atom  minus  an  electron  a 
mono-valent  cation."  As  this  presumably  refers  to  negative  elec- 
trons, does  this  not  mean  that  oxidation  is  accompanied  by  a  gain 
of  negative  electrons  and  reduction  by  a  loss,  which  unorthodox 
statement  in  my  paper,  and  the  deductions  from  it,  are  the  ones 
that  are  most  bitterly  attacked?- 

As  to  Prof.  Richards'  comments  about  using  the  faraday  as 
the  practical  unit  for  measuring  electrons,  if  he  wnll  read  a  short 
article  of  mine  (Metallurgical  and  Chemical  Engineering,  May 
15,  1917,  page  598)  he  will  find  I  then  made  the  suggestion  he 
now  makes.  The  purpose  of  that  paper  was  to  show  that  it  would 
be  mathematically  correct  to  use  the  faraday  as  a  practical  unit 
of  electrons,  and  that  it  w^ould  simplify  engineering  calculations 
to  do  so,  beside  being  a  great  convenience. 

As  to  whether  chemical  reduction  is  accompanied  by  a  loss 
or  a  gain  of  negative  electrons,  I  understand  that  there  exists  at 
present  no  direct  physical  proof.  Until  such  proof  is  established 
we  are  limited  to  indirect  deductions,  and  as  my  deductions  seem 
to  me  to  be  the  more  rational,  and  a  mathematical  consequence, 
I  have  at  least  just  as  much  right  to  hold  them  as  others  have  to 
hold  the  opposite  view,  until  a  definite  physical  proof  has  been 
established.  We  must,  however,  recognize  that  it  is  the  negative 
electrons  which  travel  in  the  opposite  direction  to  the  flow  of  the 
current  indicated  by  the  conventional  arrow. 

If  instead  of  jumbling  together  all  kinds  of  chemical  bonds 
having  different  properties  we  separate  them  into  at  least  two 
classes,  because  we  can  then  formulate  definite  properties  of  at 
least  one  of  these  classes,  I  claim  that  this  is  a  step  toward  a 
better  system,  especially  as  the  latter  class  is  a  very  important 
one.  My  opponents  refuse  to  make  this  classification :  this  is 
evidently  a  matter  of  opinion  and  not  of  fact.    There  surely  can 
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be  no  error  in  doing  so ;  hence  I  agree  to  disagree  with  them. 
Until  they  can  suggest  a  still  better  system  I  claim  the  right  to 
hold  to  my  opinion.  Unless  they  recognize  this  division  into  two 
classes,  they  cannot  of  course  agree  with  some  of  the  deductions 
in  the  paper  which  are  based  on  this  division. 

H.  D.  HiBBARD^ :  One  might  further  urge  that  the  word  re- 
duction be  used  in  metallurgical  language  solely  in  its  chemical 
meaning,  not  as  is  common,  as  a  synonym  for  decrease,  diminish, 
lessen,  cut  down,  and  others  of  similar  portent.  Occasionally  it 
can  only  be  told  by  the  context  if  at  all,  whether  the  work  is 
intended  to  mean  decrease  (as  elimination  by  oxidation)  or  chem- 
ical reduction.  If  used  in  metallurg}-  and  chemistry  only  in  its 
chemical  sense,  such  ambiguity  would  not  occur. 

Carl  Hering  (Comtnttnicated)  :  Mr.  Bancroft  accuses  me  of 
not  familiarizing  myself  with  the  literature ;  his  logic  is  bad,  since 
it  is  because  I  looked  up  the  literature  on  some  of  these  subjects 
and  found  such  looseness  of  expressions,  such  dififerences  of  opin- 
ion, such  inconsistencies,  and  in  general  SAich  a  lack  of  agreement 
and  a  lack  of  a  rational  system  of  terms,  and  such  a  "sloppy" 
use  of  terms,  in  chemistry,  that  1  ventured  to  suggest  these  re- 
forms. If  Dr.  Bancroft  will  familiarize  himself  with  existing 
literature  on  such  definitions  and  terms  he  will  find  my  grounds 
for  desirable  reforms  to  exist.  The  very  fact  that  this  subject 
has  been  hotly  discussed  for  years,  is  the  best  kind  of  proof  that 
reforms  are  needed. 

In  abstracting  my  paper  at  the  meeting,  I  called  attention  to 
the  fact  that  hydrogen  may  perhaps  have  negative  bonds,  as  in 
the  metallic  hydrides,  for  instance. 

To  have  discus.sed  the  many  details  which  Dr.  Bancroft  accuses 
me  of  not  discussing,  would  have  made  the  paper  so  long  that 
few  would  have  read  it ;  I  naturally  had  to  limit  myself  to  mere 
brief  suggestions.  Dr.  Bancroft  objects  to  recognizing  a  distinc- 
tion between  two  different  classes  of  bonds.  This  is  a  matter  of 
opinion ;  we  at  least  agree  to  disagree. 

There  was  no  misunderstanding  about  that  "extraordinary 
statement  from  an  unnamed  chemist" ;  this  very  statement  was 
one  of  my  reasons  for  suggesting  reforms.  I  am  pleased  that 
Dr.  Bancroft  at  least  agrees  with  me  that  it  was  "extraordinary." 

'  Consulting  Metallurgist,  Plainfield,  N.   T. 
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The  question  of  whether  it  is  a  "simphfication"  to  use  a  con- 
sistent and  rational  system  of  terms  and  definitions  instead  of 
using  an  inconsistent  and  irrational  one,  can  I  think  be  best  left 
to  the  student  or  beginner  rather  than  to  the  expert  who  is  so 
familiar  with  these  inconsistencies  that  they  no  longer  trouble 
him  to  understand.  There  is  a  wise  proverb  that  an  old  dog  does 
not  like  to  be  taught  new  tricks.  Electrical  engineers  have  such 
a  simple,  rational  and  consistent  system  of  units,  terms  and  defi- 
nitions, that  they  are  more  likely  to  notice  the  need  of  it  in  the 
science  of  chemistry  than  the  expert  chemists  are.  It  is  note- 
worthy that  Dr.  Bancroft  has  not  pointed  out  any  actual  errors  in 
my  arguments ;  a  wholesale  condemnation  of  a  paper  without  the 
support  of  sufficient  and  good  reasons,  can  carry  no  weight  with 
the  unbiased,  and  is  not  proper  and  useful  discussion. 

Concerning  the  discussion  by  Prof.  Richards,  the  question  of 
whether  it  is  desirable  or  not  that  we  consider  the  faraday  as  a 
"practical  unit"  in  terms  of  which  those  impracticable  small  elec- 
trons may  be  correctly  expressed  and  measured,  is  a  matter  of 
opinion.  When  the  theoretical  units  are  impracticably  small  or 
large,  and  especially  when  their  values  are  not  known  definitely, 
it  is  very  desirable  in  practice  to  use  a  so-called  "practical  unit," 
especially  when  its  value  can  be  very  definitely  established.  The 
volt  and  ohm,  in  place  of  the  impracticable  C.  G.  S.  units,  are  good 
illustrations. 

I  do  not  think  Prof.  Richards  or  any  one  else  can  prove  that 
it  is  a  "fundamental  error"  for  me  to  suggest  that  free  charges 
and  the  corresponding  bonds  are  alternatives  of  each  other,  and 
that  each  may  be  convertible  into  the  other,  or  replace  the  other, 
hence  that  either  but  not  both  may  exist.  If  this  is  true,  and  if 
chemical  reduction  is  a  reduction  of  valence,  then  it  seems  to 
follow  as  a  necessary  consequence  that  the  real  physical  act  of 
reduction  must  take  place  when  these  bonds  are  reduced  in  num- 
ber by  being  converted  into  free  charges.  I  admit  that  this  is 
not  the  orthodox  way  of  considering  it,  but  until  there  exists  some 
physical  proof  that  it  is  wrong,  it  cannot  be  called  an  error,  as 
the  argument  or  deduction  has  not  been  shown  to  be  irrational. 

Answering  his  question  about  the  reduction  of  ferric  sulphate 
by  solution,  I  believe  this  may  not  yet  be  known,  but  to  be  con- 
sistent it  must  be  supposed  to  be  reduced  by  the  number  of  bonds 
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■which  correspond  to  the  number  oi  -\-  charges  which  chemists 
place  over  the  Fe  atom  in  their  formulas  for  ionized  ferric  sul- 
phate, and  which  replace  the  bonds.  He  should  ask  the  chemists 
how  they  know  how  many  of  these  signs  to  use. 

Quoting  a  part  only  of  one  of  my  sentences  and  omitting  an 
essential  part,  and  then  ridiculing  it,  is  surely  not  proper  discus- 
sion. If  we  were  as  sure  of  these  thermal  relations  as  we  are 
that  the  moon  is  not  made  of  green  cheese,  I  would  not  have 
wasted  time  to  discuss  them.  In  ancient  times  men  were  punished 
even  by  death  for  claiming  that  it  was  more  logical  and  consistent 
to  believe  the  earth  to  be  round. 

A  physical  law  in  which  the  constant  is  the  same  for  all  the 
elements  should  surely  be  considered  to  be  a  more  fundamental 
one  than  another  in  which  the  constant  is  different  for  each  ele- 
ment. In  their  gaseous  form  the  different  elements  are  more 
nearly  alike  physically  than  in  their  solid  form,  hence  a  law  based 
on  the  gaseous  state  eliminates  some  of  the  differences  between 
them  and  should  therefore  be  considered  the  more  fundamental 
one. 

I  should  say  that  a  "careful  chemist"  also  prefers  consistency 
and  clearness  in  his  terms  and  definitions,  which  surely  cannot 
be  claimed  to  be  the  case  for  some  of  the  chemical  terms.  I  agree 
to  disagree  with  Prof.  Richards  on  what  constitutes  a  "careful 
chemist." 

Prof.  Frary's  logic  is  faulty.  If  he  will  read  his  own  quota- 
tion again  he  will  find  that  the  reason  I  gave  for  believing  that 
unorthodox  statement  to  be  probably  correct  is  because  it  "brings 
about  a  logical  consistency  which  did  not  exist  before,"  in  other 
words  it  makes  things  fit  which  did  not  fit  before.  Incidentally, 
things  that  fit  and  are  consistent  are  simpler  and  easier  for  the 
student  to  understand. 

I  suggested  the  term  "electrolysis"  myself,  for  the  discharging 
process. 

Concerning  zero  valence,  Prof.  Frary  does  not  recognize  that 
it  would  simpHfy  matters  if  bonds  were  divided  into  two  classes 
having  different  properties.  ^lany  chemists  have  already  adopted 
the  conception  of  zero  valence ;  Prof.  Frary  is  simply  not  one  of 
them.    I  maintain  that  his  students  would  have  obtained  a  clearer 
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insight  of  the  subject  had  he  adopted  this  conception,  as  Prof. 
Weber  has  done. 

A  number  of  the  reforms  suggested  in  my  paper  were  not  new 
with  me  but  were  merely  endorsed  in  the  paper ;  I  had  supposed 
that  this  was  known  to  chemists.  In  those  cases  Prof.  Bancroft 
differs  from  the  original  authors,  who,  like  myself,  are  also  chem- 
ists. In  this  connection  I  take  pleasure  in  referring  to  the  pioneer 
work  of  the  late  Otis  C.  Johnson  in  the  earlier  editions  of  Doug- 
las &  Prescott's  Manual,  and  to  a  paper  by  C.  J.  Reed  in  the 
Transactions  of  the  St.  Louis  Academy  of  Science,  1886.  Zero 
and  negative  valences  are  also  described  (and  endorsed)  in  other 
books  and  papers,  as  is  also  the  question  of  whether  reduction  is 
a  loss  or  a  gain  of  negative  electrons,  all  of  which  I  had  supposed 
was  known. 
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General  Meeting  of  the  American  Electro- 
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THE  POISONING  OF  CATALYTIC  AGENTS 

By  Wilder  D.  Bancroft.* 

[Abstract.] 

Commencing  with  the  historic  case  of  the  poisoning  of  the  plati- 
num catalyzer  by  arsenic,  in  the  contact  sulphuric  acid  process, 
the  writer  discusses  other  catalytic  processes  in  which  similar 
actions  take  place,  such  as  the  Deacon  chlorine  process,  Haber 
ammonia  process,  the  Sabatier  hydrogenization  of  oils,  etc.  The 
reasons  are  discussed,  prominent  writers  on  the  subject  being 
quoted  at  length,  from  Faraday  to  the  present.  The  question  of 
adsorption  of  gases  by  the  catalyst  is  brought  up  and  discussed, 
particularly  in  the  case  of  charcoal  as  a  catalyst.  The  effect  of 
the  reaction  products  in  cutting  down  the  speed  of  the  reaction, 
and  thus  apparently  poisoning  the  catalyst,  is  considered.  The 
intimate  relation  between  adsorption  and  catalytic  action  is  em- 
phasized. The  application  of  these  ideas  to  the  phenomena  of 
over-voltage  is  suggested,  considering  that  the  electrodes  may  act 
as  catalyzers  for  the  transformation  of  the  liberated  gases  from 
the  atomic  into  the  molecular  state. 


One  of  the  striking  things  about  catalysis  by  solids  is  the  way 
in  which  the  catalytic  action  of  the  solid  may  be  reduced  enor- 
mously by  the  presence  of  relatively  small  amounts  of  certain 
substances  which  are  therefore  said  to  poison  the  catalytic  agents. 
In  the  contact  sulphuric  acid  process,^  for  instance,  a  stage  was 
soon  reached  in  the  laboratory  where  the  reaction  worked  well 
with  purified  gases  and  there  was  no  noticeable  deterioration  of 
the  contact  material.  When  the  experiments  were  repeated  on  a 
commercial  scale,  the  contact  material  soon  became  inert.    It  was 

*  Professor  of  Chemistry,  Cornell  University. 
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found  that  this  disastrous  result  was  due  to  impurities  in  the 
burner  gases.  Even  when  present  in  apparently  negligible 
amounts,  these  impurities  play  havoc  with  the  catalytic  action  of 
the  platinum.  Arsenic  is  the  most  dangerous  impurity,  and  next 
comes  mercury,  while  antimony,  lead,  iron,  zinc,  etc.,  act  only  in 
so  far  as  they  settle  on  and  actually  blanket  the  contact  material. 
An  amoimt  of  arsenic  equal  to  ^  percent  of  the  platinum  in  the 
contact  material  will  destroy  the  catalytic  action  completely.  In 
view  of  the  enormous  volumes  of  burner  gas  which  are  handled, 
it  is  easy  to  see  to  what  an  inlinitesimal  value  the  arsenic  content 
must  be  reduced. 

In  the  Deacon  process  for  making  chlorine  from  hydrochloric 
acid  and  oxygen,  cupric  chloride  is  the  catalytic  agent.  This  cata- 
lytic agent  is  very  sensitive  to  the  effect  of  impurities,  such  as 
sulphur  dioxide,  sulphur  trioxide,  and  arsenic.  It  is  because  of 
this  sensitiveness  to  sulphur  dioxide  that  the  hydrochloric  acid 
from  the  Hargreaves  salt-cake  process  cannot  be  used  in  the 
Deacon  process.  Water  is  also  bad  for  the  reaction,  presumably 
because  it  is  one  of  the  decomposition  products.- 

The  Haber  ammonia  process  is  very  susceptible  to  poisons. 
Among  the  harmful  substances  are  sulphur,  selenium,  tellurium, 
phosphorus,  arsenic,  boron,  and  their  compounds ;  many  carbon 
compounds ;  lead,  zinc,  bismuth,  tin,  etc."  Such  minute  quantities 
of  the  above-mentioned  substances  as  are  to  be  found  almost 
always  in  the  present  commercial  products  and  so-called  pure 
gases  are  sufficient  to  diminish  seriously  the  catalytic  efficiency. 
For  instance,  an  impurity  of  0.01  percent  sulphur  in  iron  renders 
it  nearly  useless. 

"In  view  of  these  facts,  every  care  is  taken  to  obtain  pure  con- 
tact material  and  to  free  the  reacting  gases  from  all  poisonous 
bodies.  The  first  is  a  comparatively  easy  matter,  the  ordinary 
methods  of  purification  of  course  being  employed.  The  continu- 
ous removal  of  contact  poisons  from  the  reacting  gases  is  a  more 
difficult  undertaking,  particularly  as  chemical  contingencies  have 
brought  about  the  replacement  of  the  electrolytic  hydrogen  em- 
ployed by  the  impure  hydrogen  obtained  from  coal.  This  latter 
method  of  production  depends  upon  the  separation  by  liquefaction 

2  Bancroft:    Jour.  Phys.  Chem.,  21,  573   (1917). 
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of  the  constituents  of  water-gas,  hydrogen  and  carbon  monoxide. 
Traces  of  carbon  monoxide  have  then  to  be  ehminated,  together 
with  the  gaseous  impurities  derived  from  the  decomposition  of 
the  coal,  as  well  as  the  contaminations  arising  from  the  use  of 
piping,  lubricating  oil  in  the  pumps,  etc.  A  development  of  this 
process  of  hydrogen  production  has  recently  been  patented,  in 
which  carbon  monoxide  and  steam  are  caused  to  interact  under 
pressure  at  300°-600°,  in  the  presence  of  a  catalyst  such  as  iron, 
nickel,  and  the  like,  thereby  producing  carbon  dioxide  and  hydro- 
gen, of  which  the  former  is  removed  by  absorption,  leaving  hydro- 
gen ready  compressed  for  the  ammonia  synthesis.  The  nitrogen 
is  usually  obtained  by  the  fractionation  of  liquid  air. 

"In  general  the  gases  are  filtered,  washed,  and  then  conducted 
over  various  solid  absorption  agents,  whilst  in  some  cases  further 
purification  is  effected  by  passage  over  a  portion  of  the  same 
material  as  is  employed  as  catalyst,  at  a  raised  temperature,  before 
introduction  into  the  catalyzer.  This  material  is  renewed  re- 
peatedly. The  yield  is  found  to  be  increased  if  both  gases  are 
deprived  of  water  or  of  substances  capable  of  producing  water." 

It  is  very  difficult  to  get  any  definite  facts  in  regard  to  the  Ost- 
wald  nitric  acid  process.  According  to  Jobling*  "crude  gas  liquor 
formed  the  source  of  the  ammonia  first  employed,  the  liquor  being 
brought  into  contact  with  the  hot  air  on  the  counter-current  prin- 
ciple. The  resulting  mixture  was  purified  by  washing,  and  pas- 
sage over  milk  of  lime  to  remove  carbon  dioxide  and  sulphuretted 
hydrogen.  In  some  cases  no  purification  was  eft'ected,  the  prod- 
ucts of  the  combustion  of  sulphur  compounds  being  easily  re- 
moved from  the  nitric  acid  by  a  single  operation,  while  those 
coming  from  nitrogen  compounds,  such  as  aniline,  ])yridine,  and 
prussic  acid  themselves  form  nitric  acid." 

This  statement  seems  very  improbable,  there  being  some  who 
say  that  ammonia  from  by-product  coke  ovens  cannot  be  used  at 
all  and  that  the  Ostwald  process  became  successful  only  when 
pure  ammonia  was  used,  such  as  that  from  the  Haber  ammonia 
process  or  that  obtained  by  the  action  of  steam  on  calcium  cyana- 
mide,  CaCN,  -f  3H.,0  =  CaCO.,  +  2NH,,  As  a  matter  of  fact, 
it  is  apparently  not  a  very  difficult  matter  to  purify  ammonia  from 
the  by-product  coke  ovens  sufficiently  to  make  it  suitable  for  the 

'Catalysis  and  Its  Industrial   Applications,   47    (1916). 
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Ostwald  process.  I  have  not  been  able  to  find  any  statement 
whether  air  is  used  because  it  is  cheaper  or  because  the  large  ex- 
cess of  nitrogen  helps  to  check  the  oxidation  of  ammonia  to 
nitrogen. 

In  the  Sabatier  process  it  is  indispensable  to  success^  that  "the 
materials,  whether  hydrogen,  metal,  or  organic  compound,  must 
be  as  pure  as  can  be  obtained,  for  any  impurity  is  readily  adsorbed 
by  the  catalyst  to  the  detriment  of  its  activity.  Sulphur  and  its 
volatile  compounds,  as  well  as  the  halogens®  are  particularly  to 
be  avoided  in  this  respect,  and,  to  a  lesser  degree,  arsenic  and 
phosphorus  with  their  volatile  compounds.  Electrolytic  hydrogen, 
or  hydrogen  of  equivalent  purity,  appears  to  be  essential.  Even 
then  the  catalyst  must,  sooner  or  later,  succumb  to  the  toxic  effects 
of  minute  impurities  impossible  to  remove ;  in  consequence,  the 
desirability  of  frequent  renewal  needs  emphasis." 

The  platinum  catalysis  of  hydrogen  peroxide  solutions  is  poi- 
soned by  very  many  things' — hydrocyanic  acid,  iodine  dissolved 
in  potassium  iodide,  mercuric  chloride,  hydrogen  sulphide,  mer- 
curic cyanide,  carbon  monoxide,  hydroxy lamine  hydrochloride, 
aniline,  hydrochloric  acid,  etc. 

Since  one  or  more  of  the  reacting  substances  must  be  adsorbed 
by  the  solid  catalytic  agent  for  catalysis  to  take  place,  the  poison- 
ing must  be  due  to  decreased  adsorption.  We  shall  have  an  ap- 
parent poisoning  of  the  catalytic  agent  if  we  have  formed  on  it 
a  solid,  liquid,  or  gaseous  film  which  cuts  down  the  adsorption 
of  the  reacting  substances.  Berliner^  has  described  some  experi- 
ments on  the  adsorption  of  hydrogen  by  palladium  foil  which 
bring  out  clearly  the  enormous  effect  due  to  very  slight  amounts 
of  impurity.  "A  piece  of  palladium  foil,  weighing  44.5  mg.,  which 
had  not  been  ignited  or  purified  on  the  surface  by  mechanical 
treatment,  adsorbed  no  hydrogen  in  the  course  of  several  hours. 
When  the  metal  was  treated  in  a  vacuum,  450  cubic  millimeters 
of  gas  were  set  free,  114  times  the  volume  of  the  palladium.  After 
the  apparatus  had  stood  for  two  hours,  hydrogen  was  let  in  but 
no  perceptible  adsorption  took  place.  When  the  foil  was  removed 
from  the  apparatus,  careful  observation  showed  that  the  surface 

"  Jobling:    Catalysis  and  Its  Industrial   Applications,  69    (1916.) 
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Avas  not  clean,  as  was  shown  by  the  fact  that  water  did  not  wet 
the  palladium.  It  seems  probable  that  the  trouble  was  due  to 
vapors  of  fats  in  the  apparatus  or  to  fat  carried  to  the  metal  by 
capillary  action.  To  test  this,  the  foil  was  ignited  in  the  blast 
lamp ;  when  cold  it  was  wetted  at  once  by  water.  After  standing 
one  hour  in  the  apparatus,  the  surface  was  so  coated  with  a  film 
of  fat  that  the  foil  was  not  wetted  by  water  any  more.  To  prove 
that  the  surface  impurities  kept  the  metal  from  adsorbing  hydro- 
gen, the  palladium  was  cleaned  by  being  made  the  positive  elec- 
trode in  sulphuric  acid.  After  being  washed  with  water  and 
dried  between  filter  paper,  the  metal  was  put  into  the  apparatus 
as  quickly  as  possible  and  hydrogen  let  in  at  once.  The  palladium 
adsorbed  857  times  its  volume  of  hydrogen  almost  instantane- 
ously. The  metal  can  also  be  purified  by  igniting  in  the  blast  lamp. 
The  foil  was  taken  out  of  the  apparatus  and  ignited  in  the  blast 
lamp.  If  put  back  quickly  into  the  apparatus  and  hydrogen  let 
in  at  once,  the  metal  adsorbed  860  times  its  volume  of  hydrogen. 
If  there  was  a  delay  of  an  hour  or  two  before  the  hydrogen  was 
let  into  the  apparatus,  no  adsorption  took  place.  Similar  results 
were  obtained  with  platinum." 

Berliner  called  attention  to  the  importance  of  these  results  as 
affecting  the  catalytic  action  of  metals ;  but  his  work  does  not 
seem  to  have  made  much  impression  in  spite  of  the  fact  that  the 
platinum  used  in  making  contact  sulphuric  acid  is  readily  poisoned 
by  minute  quantities  of  arsenic,  etc.  The  quantitative  part  of 
Berliner's  work  on  the  adsorption  of  hydrogen  and  oxygen  has 
been  criticized  severely  by  Ramsay,  Mond  and  Shields^  because 
of  the  very  small  volumes  of  gas  with  which  Berliner  worked. 

Bodenstein^"  found  that  traces  of  fat  cut  down  the  rate  at  which 
platinum  accelerates  the  formation  of  water  from  oxyhydrogen 
gas.  The  most  intense  action  occurs  only  when  the  platinum  sur- 
face is  very  clean,  and  can  be  obtained  in  a  reproducible  manner 
only  when  the  purity  of  the  surface  is  a  maximum,  a  state  of 
things  which  is  very  difficult  to  obtain  and  almost  impossible  to 
maintain.  "The  purification  of  the  platinum  was  done  at  first  by 
heating  with  concentrated  sulphuric  acid  or  with  a  mixture  of 
nitric  acid  and  sulphuric  acid,  later  by  treating  with  a  mixture  of 
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chromic  and  sulphuric  acids  followed  by  washing  with  freshly 
distilled  water,  which  was  protected  as  much  as  possible  from 
contamination  by  the  ordinary  laboratory  gases.  The  platinum 
was  placed  in  the  apparatus  while  still  moist  and  was  then  brought 
in  contact  with  the  gases  which  were  either  not  dried  at  all  or 
were  dried  slightly  by  passing  over  calcium  chloride.  After  the 
first  difficulties  had  been  overcome,  reproducible  results  could 
almost  always  be  obtained  in  this  way. 

"In  order  that  the  eft'ectiveness  of  the  platinum  might  be  kept 
constant,  all  the  other  parts  of  the  apparatus  were  of  course  kept 
scrupulously  clean.  The  large  joints,  including  one  with  5  cm. 
opening  through  which  the  platinum  ball  was  at  first  introduced, 
were  ground  so  carefully  that  when  moist  they  closed  absolutely 
gas-tight  and  therefore  never  needed  to  be  greased.  Vapor  from 
the  mercury  in  the  manometer  could  not  be  kept  out,  however, 
and  the  stop-cock  on  the  gasometer  could  not  be  made  tight  with- 
out the  use  of  grease.  I  tried,  of  course,  to  use  glassy  phosphoric 
acid  as  lubricating  medium ;  but  it  becomes  diluted  too  rapidly  in 
the  moist  gases  and  then  the  joint  is  not  tight  any  more.  Conse- 
quently the  effectiveness  of  the  platinum  always  decreased  gradu- 
ally, though  so  slowly  in  the  successful  experiments  that  the  re- 
sults are  comparable.  In  the  experiments  with  an  excess  of  oxy- 
gen, the  catalytic  action  of  the  platinum  once  remained  constant 
for  several  days.  This  looks  as  though  the  chief  disturbing  fac- 
tor were  the  grease  from  the  stop-cock,  which  was  oxidized  in 
this  case." 

It  has  been  pretty  well  understood  for  eighty  years  or  more  that 
impurities  cut  down  the  catalytic  action  of  platinum.  Faraday'^ 
is  very  clear  on  this  point.  While  studying  his  recently  invented 
voltameter,  he  found  that  the  platinum  electrodes,  if  very  clean, 
caused  the  oxyhydrogen  gas  to  react  after  the  current  was  cut  oflf. 
The  platinum  could  be  cleaned  electrolytically,  mechanically,  or 
by  heat.  The  platinum  woukl  not  work  indefinitely ;  but  Faraday 
pointed  out  that  it  retained  its  efficiency  longer  the  purer  the 
hydrogen  and  oxygen.  Faraday  pointed  out  that  platinum  which 
had  ceased  to  be  active  was  no  longer  wetted  readily  by  water, 
thus  showing  the  presence  of  some  sort  of  greasy  film.  While 
this  could  be  readily  accounted  for,  Faraday  was  very  much  puz- 
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zled  by  the  fact  that  gases  Hke  carbon  monoxide  or  ethylene  had 
a  very  marked  effect  in  cutting  down  the  catalytic  action  of  the 
platinum.  Faraday  was  not  able  to  account  for  this  at  all.  He 
says:  "Whether  the  effect  produced  by  such  small  quantities  of 
certain  gases  depends  upon  any  direct  action  which  they  may  exert 
upon  the  particles  of  oxygen  and  hydrogen,  by  which  the  latter  are 
rendered  less  inclined  to  combine,  or  whether  it  depends  upon  their 
modifying  the  action  of  the  plate  temporarily  (for  they  produce 
no  real  change  on  it),  by  investing  it  through  the  agency  of  a 
stronger  attraction  than  that  of  the  hydrogen,  or  otherwise,  re- 
mains to  be  decided  by  more  extended  experiments." 

Turner^-  was  on  the  right  track  when  he  said  that  "one  is 
tempted  to  suppose  that  these  gases  act  by  soiling  the  metallic 
surface,  though  in  some  respects  this  is  not  satisfactory."  This 
explanation  was  premature,  however,  and  a  different  one  was 
offered  later  by  Henry^^  who  amplified  Faraday's  experiments, 
correcting  some  of  his  results.  Henry  found  that  adding  carbon 
monoxide  to  a  mixture  of  hydrogen  and  oxygen  in  presence  of 
platinum  does  not  actually  prevent  the  reaction  between  hydrogen 
and  oxygen,  but  retards  it,  so  that  the  reaction  takes  place  very 
slowly  and  most  of  the  oxygen  reacts  with  the  carbon  monoxide. 
Starting  with  the  mixture  2CO  -|-  2Ho  -f-  O,  Henry  found  that 
about  ninety  percent  of  the  oxygen  reacted  with  the  carbon  mon- 
oxide and  only  about  ten  percent  with  the  hydrogen.  When  the 
ratio  of  hydrogen  to  carbon  monoxide  was  increased  in  the 
original  mixture  less  of  the  oxygen  reacted  with  the  carbon  mon- 
oxide. Faraday  had  found  that  a  mixture  of  carbon  monoxide 
and  oxygen  did  not  react  appreciably  in  several  days  when  in 
contact  with  a  clean  platinum  plate,  but  Henry  found  that  a  reac- 
tion does  take  place  in  presence  of  platinum  foil,  platinum  sponge, 
and  platinum  black.  The  reaction  is  very  slow  with  platinum 
foil,  more  rapid  with  platinum  sponge  and  fastest  of  all  with  plati- 
num black.  Since  hydrogen  and  oxygen  react  much  more  rapidly 
in  presence  of  platinum  than  do  carbon  monoxide  and  oxygen, 
one  would  naturally  expect  preferential  burning  of  hydrogen  from 
a  mixture  of  hydrogen  and  carbon  monoxide,  whereas  one  actually 
gets  preferential  burning  of  carbon  monoxide.     Henry  recog- 
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nized  this  ciiihculty  and  met  it  in  a  very  clever  way,  though  his 
argument  is  not  absohitely  sound. 

"An  obvious  objection,  however,  presents  itself  to  the  view 
that  carbonic  oxide  possesses  a  stronger  affinity  for  oxygen  than 
hydrogen  exerts,  vis.,  that  while  hydrogen  and  oxygen  are  speedily 
detonated  at  common  temperatures  by  the  plate  or  sponge,  the 
union  of  carbonic  oxide  and  oxygen  takes  place  with  great  slow- 
ness. The  explanation  of  this  apparent  anomaly,  I  believe  to  be, 
that  the  product  of  the  combustion  of  hydrogen  (aqueous  vapor) 
at  once  quits  the  surface  of  the  metal  and  is  liquefied  by  the  cold 
sides  of  the  tube ;  w^iile  the  combustion  of  the  carbonic  oxide 
yields  a  gas  which  remains  for  a  while  adherent  to  the  metallic 
surface  next  to  which  it  is  generated,  and  thereby  prevents  a 
sufficiently  rapid  access  of  fresh  unaltered  gas  to  elevate  mate- 
rially the  temperature  of  the  platina.  In  confirmation  of  this  view 
I  found  that  caustic  potassa,  by  absorbing  the  carbonic  acid  as 
it  is  formed,  accelerated  the  acidification  of  carbonic  oxide.  When 
the  metallic  superficies  is  so  extensive  (for  instance,  in  the  powder 
of  Liebig)  that  a  high  temperature  is  attained  quickly  by  the  metal 
in  contact  with  the  first  portions  of  gas  that  are  consumed,  it  has 
been  shown  already  that  carbonic  oxide,  like  hydrogen,  unites  with 
oxygen  with  incandescence.  Finally,  it  is  well  known  that  even 
mixtures  of  hydrogen  and  oxygen  do  not  detonate  on  first  admit- 
ting the  prepared  plate.  During  the  first  minute  the  union  is 
generally  very  slow,  and  it  only  becomes  explosive  when  the  tem- 
perature of  the  plate  has  been  raised  by  its  action  upon  the  gase- 
ous mixture." 

Although  the  reaction  between  carbon  monoxide  and  oxygen  is 
practically  irreversible  at  ordinary  temperatures,  Henry  recognized 
that  the  presence  of  the  reaction  product  might  slow  up  the  re- 
action and  he  proved  it  by  removing  the  carbon  dioxide  wath 
caustic  potash,  thereby  increasing  the  reaction  velocity.  That  was 
very  clever  of  him,  because  most  people  nowadays  would  have 
been  so  hampered  by  their  incomplete  theoretical  knowledge  of 
reaction  velocities  that  they  would  have  been  certain  that  the 
reaction  products  could  not  afifect  the  reaction  velocity.  Henry's 
argument  is  unsound,  however,  in  several  respects.  In  the  first 
place  he  has  not  shown  that  carbon  monoxide  and  oxygen  react 
more  rapidly  than  hydrogen  and  oxygen  when  the  carbon  dioxide 
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is  removed  continuously.  He  has  shown  that  there  is  an  increase 
in  reaction  velocity,  but  not  that  the  increase  is  sufficient  to  account 
for  the  phenomena.  In  the  second  place  the  rate  of  oxidation  of 
the  carbon  monoxide  cannot  be  the  determining  factor  because 
Henry  obtained  preferential  burning  of  carbon  monoxide  in  the 
absence  of  alkali.  What  happens  is  that  the  adsorption  of  carbon 
monoxide  by  platinum  cuts  down  the  adsorption  of  hydrogen  to 
such  an  extent  that  the  reaction  between  hydrogen  and  oxygen 
becomes  almost  negligible. 

This  is  not  an  especially  surprising  result.  Freundlich^*  points 
out  that  the  general  rule  for  mixtures  of  gases  seems  to  be  that 
the  more  readily  adsorbed  gas  displaces  the  other  to  some  extent 
and  is  adsorbed  to  a  greater  relative  amount  than  one  would  have 
predicted  from  experiments  on  the  single  gases.  This  cannot  be 
anything  more  than  a  first  approximation,  because  with  readily 
condensible  gases  one  of  the  vapors  may  help  carry  down  the 
other.  Cases  of  this  sort  have  been  studied  by  Hunter,^^  the  most 
striking  instance  being  w^ater  and  ammonia.  It  is  probable  that  the 
adsorbed  water  dissolves  or  adsorbs  ammonia,  thus  increasing  the 
amount  of  ammonia  apparently  held  by  the  charcoal.  Displace- 
ments also  occur  when  two  solutes  may  be  adsorbed  from  solution. 
Schmidt^®  has  studied  the  simultaneous  adsorption  of  iodine  and 
acetic  acid  by  charcoal  from  solutions  in  water  and  in  ethyl  acetate. 
With  both  solvents  less  of  each  substance  was  adsorbed  than  if 
the  other  had  not  been  present.  Schmidt  generalizes  to  the  effect 
that  "when  charcoal  is  in  contact  with  a  solution  containing  the 
tAvo  solutes  A  and  B  it  adsorbs  less  of  each  than  when  it  is  treated 
with  the  same  substances  A  and  B  singly.  If  charcoal  is  in  equi- 
librium with  any  substance  A  dissolved  in  any  solvent,  the  addition 
of  a  second  substance  B  Avill  force  some  of  A  out  of  the  charcoal 
and  vice  versa.  The  total  amount  which  is  adsorbed  when  two 
solutes  are  present  simultaneously  in  solution  is  always  less  than 
the  arithmetical  sum  of  the  amounts  of  these  substances  that  would 
be  adsorbed  singly." 

This  generalization  is  undoubtedly  too  broad.  A  more  careful 
study  will  show  that  the  special  properties  of  the  substances  A  and 

=<  Kapillarchemie,  99   (1909). 
'■Jour.  Chem.  Soc,  23,  73  (1870). 
'••^Zeit.  phys.  Chem.,  74,  730   (1910). 
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B  will  have  to  be  taken  into  account  and  that  we  shall  find  cases 
where  the  total  adsorption  will  be  greater  than  the  sum  of  the 
single  adsorptions,  though  no  such  cases  seem  as  yet  to  be  on 
record.  Lake^'  has  shown  that  one  acid  dye  does  not  apparently 
displace  another  on  wool  or  silk ;  but  of  course  the  absolute  con- 
centrations are  very  small  in  these  cases.  Freundlich  and  Masius^* 
studied  the  adsorption  of  pairs  of  organic  acid  and  obtained  results 
similar  to  those  of  Schmidt.  They  also  found  that  the  acid,  which 
is  adsorbed  the  more,  is  displaced  the  less  when  the  two  acids 
are  present  in  the  solution.  These  experiments  of  Schmidt,  and 
of  Freundlich  and  Masius,  throw  light  on  Skey's  results  with  nitric 
and  sulphuric  acids  in  presence  of  charcoal.  Skey^'*  found  that 
small  amounts  of  nitric  acid  were  adsorbed  completely  from  dilute 
solutions  of  sulphuric  acid,  but  not  from  concentrated  ones.  With 
increasing  relative  concentrations  of  sulphuric  acid,  we  should 
expect  an  increasing  displacement  of  nitric  acid  from  the  charcoal, 
which  is  what  actually  occurred. 

Rona  and  Michaelis"^  have  studied  the  efifect  of  acetone  and 
acetic  acid  on  the  adsorption  of  grape  sugar  by  charcoal.  When 
100  c.c.  of  a  1.04  percent  sugar  solution  was  shaken  with  5  grams 
charcoal,  the  filtrate  contained  only  0.53  percent  sugar.  If  the 
sugar  solution  contained  0.3,  3.0  or  15.0  c.c.  acetone,  the  percent- 
ages of  sugar  in  the  filtrate  were  0.64,  0.97,  and  1.06  respectively. 
If  0.2,  1.0  or  10  c.c.  concentrated  acetic  acid  is  added  instead  of 
acetone,  the  percentages  of  sugar  are  0.60,  0.70,  and  1.06  respec- 
tively. The  difference  between  1.04  and  1.06  would  probably  dis- 
appear if  one  corrected  for  the  effect  of  acetone  and  acetic  acid 
upon  the  optical  rotation  of  sugar.  In  this  case  a  moderate  addi- 
tion of  acetone  or  acetic  acid  cuts  the  adsorption  of  sugar  down  to 
zero.  On  the  other  hand,  Rona  and  Michaelis  found  that  albumin 
and  acetone  were  each  adsorbed  by  charcoal  as  though  the  other 
were  not  there. 

Lachs  and  Michaelis'^  found  that  caustic  potash  decreases  very 
much  the  adsorption  of  potassium  chloride  from  water  by  charcoal. 
In  other  words  the  presence  of  the  strongly  adsorbed  hydroxyl  ion 

"Jour.   Phys.   Chem..  20,   761    (1917). 
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decreases  the  adsorption  of.  the  chlorine  ion  very  much.  They 
also  find  that  the  adsorption  is  increased  markedly  if  sulphuric 
acid  be  added  in  small  amounts  to  a  potassium  chloride  solution. 
This  is  in  accordance  with  the  results  of  Osaka^^  that  potassium 
chloride  is  adsorbed  more  strongly  than  potassium  sulphate, 
sodium  chloride  than  sodium  sulphate,  and  presumably  hydro- 
chloric acid  than  sulphuric  acid.  We  therefore  get  hydrochloric 
acid  adsorbed  and  potassium  sulphate  left  in  solution. 

I  do  not  know  of  any  record  of  experiments  on  the  adsorption 
of  mixtures  of  hydrogen  and  carbon  monoxide  by  platinum ;  but 
I  feel  sure  that  carbon  monoxide  will  be  found  to  cut  down  the 
adsorption  of  hydrogen  very  markedly.  It  is  to  be  hoped  that 
somebody  will  try  this  experimentally. 

Faraday  found  that  ethylene  decreased  the  catalytic  action  of 
platinum  on  hydrogen  and  oxygen  more  than  did  carbon  mon- 
oxide ;  but  this  result  is  not  confirmed  by  Henry-^  and  probably 
was  due  to  some  impurity  in  Faraday's  ethylene,  "defiant  gas, 
even  when  constituting  one-fourth  or  one-third  of  the  mixture, 
did  not  in  the  slightest  degree  retard  the  action  of  the  platina  balls 
or  sponge.  Several  trials  were  made,  in  which  the  olefiant  and 
explosive  mixture  were  mingled  in  equal  proportions.  In  all  of 
these  the  ball  acted  instantaneously,  and  ascended  rapidly  in  the 
tube  during  one  or  two  minutes,  when  its  rise  was  suddenly 
checked.  This  1.02  cu.  in.  were  reduced  in  the  first  minute  to 
0.90,  and  became  0.82  after  an  hour's  contact.  The  following  day 
only  0.56  were  left,  which  were  not  diminished  by  washing  with 
potassa.  Even  when  the  volume  of  the  olefiant  was  double  that  of 
the  explosion  mixture,  there  was  an  instant  action,  though  to  less 
extent  than  in  the  last  experiment.  When  the  volume  of  the 
olefiant  was  three  times  that  of  the  explosive  mixture,  no  imme- 
diate action  was  visible,  though  a  notable  diminution  always  took 
place  in  the  course  of  a  few  hours  or  on  the  following  day.  Finally, 
the  activity  of  the  black  powder  of  Liebig  was  not  suspended  by 
the  addition  of  twent}'  volumes  of  olefiant  to  one  of  explosive 
mixture. 

"On  subjecting  to  examination  the  gaseous  products  of  these 
and  other  experiments  on  olefiant  gas,  mingled  with  various  pro- 

==2  Mem.  Coll.  Sci.  Kyoto,   1,  267  (1915). 
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portions  of  the  explosive  mixture,  very  different  results  from  those 
afforded  with  carbonic  oxide  were  obtained.  In  the  greater  num- 
ber of  experiments  with  olefiant  gas,  no  appreciable  diminution 
was  caused  by  prolonged  contact,  or  by  subsequent  washing  with 
potassa ;  and  though  in  some  cases,  when  the  explosive  mixture 
considerably  exceeded  the  olefiant  there  was  a  perceptible  absorp- 
tion, yet  the  carbonic  acid  thus  evidenced  was  always  of  small 
amount.  In  three  successive  experiments,  in  which  olefiant  gas 
and  explosive  mixture  were  mingled  in  equal  proportions,  there 
was  no  measurable  product  of  carbonic  acid.  Yet  in  all  these 
cases,  though  the  ball  ascended  rapidly  on  first  contact,  its  activity 
was  soon  suspended.  Olefiant  gas  then  possesses,  like  carbonic 
oxide,  an  undoubted  power  of  retarding  the  union  of  hydrogen 
and  oxygen,  but  it  differs  from  carbonic  oxide  in  not  necessarily 
affording  carbonic  acid  by  so  acting. 

"Similar  differences  presented  themselves  on  submitting  mix- 
tures of  olefiant  and  oxygen  only  to  the  action  of  platina.  To  the 
observation  of  Dr.  Faraday,  'that  the  most  prolonged  contact  with 
the  prepared  plates  never  induced  the  union  of  the  elements  of 
olefiant  with  oxygen,'  I  may  add,  that  the  contact  was  not  efficient, 
even  when  aided  by  the  presence  of  liquid  potassa.  The  spongy 
metal,  similarly  conjoined  with  potassa,  was  also  for  the  most  part 
entirely  inert,  and  in  a  few  instances  in  which  carbonic  acid 
appeared,  it  was  formed  very  slowly,  and  in  small  quantity.  At  the 
temperature  480"^  F.,  however,  the  sponge  has  been  shown  to  occa- 
sion the  speedy  though  inexplosive  combustion  of  olefiant  in  mix- 
ture with  oxygen.  Liebig's  powder  too  caused  the  slow  combina- 
tion of  the  two  gases  at  atmospheric  temperatures,  as  was  evi- 
denced both  by  considerable  diminution  of  volume,  and  by  the  test 
of  lime  water ;  and  when  the  tube  containing  the  gaseous  mixture 
and  powder  was  surrounded  with  boiling  water,  combination 
ensued  with  rapidity.  Now  the  mode  in  which  platina  acts  is  of 
course  identical  in  the  various  states  of  plate,  sponge,  or  powder; 
the  powder  presenting  only  an  infinitely  larger  extent  of  surface 
for  gaseous  contact  than  the  plate  or  sponge.  Hence  the  tendencies 
of  the  constituents  of  olefiant  to  unite  with  oxygen,  which  are 
evidenced  by  combinations  to  considerable  amount  in  presence 
of  the  powder,  may  be  inferred  to  be  operative,  though  less  effec- 
tively, on  the  surface  of  the  same  metal  under  other  forms ;  and 
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viewed  in  connection  with  the  unequivocal  proofs  of  the  nature  of 
the  interference  of  carbonic  oxide,  these  tendencies  may  be  ad- 
mitted to  furnish  an  adequate  explanation  of  the  more  feeble  inter- 
ference of  olefiant  gas.  The  interfering  power  of  carbonic  oxide 
as  respects  the  action  of  the  platina  balls  is  eighteen  times  as  great 
as  that  of  olefiant;  carbonic  oxide  in  the  proportion  of  l/24th 
interfering  as  completely  as  olefiant  in  that  of  %ths  of  the  mixture. 

"The  influence  of  temperature  in  quickening  the  action  of  the 
sponge  or  powder  on  mixtures  of  olefiant  and  oxygen  strongly 
confirms  this  view,  when  taken  in  connection  with  a  peculiarity 
observed  in  the  mode  of  interference  of  olefiant  gas.  Thus  it  has 
been  stated  that  olefiant  mingled  in  equal  bulk  with  explosive  mix- 
ture did  not  prevent  instant  action ;  and  that  it  began  to  interfere 
only  when  much  of  the  oxygen  and  hydrogen  had  combined  to- 
gether, with  the  disengagement  of  great  heat.  The  interfering 
power  of  olefiant  gas,  feeble  at  atmospheric  temperatures,  is  then 
greatly  augmented  by  heat,  which  had  been  already  shown  to 
determine  the  separate  combination  of  the  elements  of  olefiant 
with  oxygen,  and  which  is  well  known  to  exalt  chemical  affinity. 

"In  the  recapitulation,  it  may  be  stated  that  carbonic  oxide 
interferes  with  the  action  of  platina  upon  mixtures  of  oxygen  and 
hydrogen,  by  virtue  of  its  stronger  affinity  for  oxygen,  which 
causes  it  slowly  to  take  the  larger  portion  of  that  gas.  Olefiant 
gas,  which  at  common  temperatures  has  a  weaker  attraction  for 
oxygen  than  hydrogen,  suspends  the  combining  tendencies  of  those 
two  gases,  only  when  its  volume  greatly  exceeds  that  of  the  mix- 
ture, in  which  case  the  weaker  affinity  is  aided  by  a  greater  number 
of  atoms.  Even  with  this  advantage  olefiant  is  unable  to  appro- 
priate the  oxygen  to  itself,  but  only  retards  its  union  with  hydrogen 
by  opposing  a  weaker  attractive  tendency." 

The  relatively  slight  retarding  action  of  ethylene  is  quite  in 
accord  with  its  presumably  being  adsorbed  less  strongly  than 
hydrogen  by  platinum.  If  it  only  cuts  down  the  adsorption  of 
hydrogen  appreciably  when  present  in  relatively  large  excess,  it 
will  have  very  little  effect  on  the  rate  of  combustion  of  oxyhydro- 
gen  mixtures.  It  is  not  possible  to  get  satisfactory  data  as  to  the 
way  in  which  platinum  adsorbs  mixtures  of  hydrogen  and  ethylene, 
because  platinum  causes  these  two  gases  to  react.-*     It  is  not 

"  Harbeck  and  Lunge:    Zeit.   anorg.  Chem..   16,  34   (1898). 
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known  to  what  extent  this  is  a  disturbing  factor  in  Henry's  experi- 
ments. It  is  quite  natural  under  the  circumstances  that  Henry- 
should  have  drawn  the  conclusion  that  "the  property  inherent  in 
certain  gases  of  preventing  or  retarding  the  union  of  hydrogen  and 
oxygen  is  to  be  referred  to  their  attraction  for  oxygen  and  not  to 
any  peculiar  action  of  the  metallic  surface  by  which  it  becomes 
invested  with  the  interfering  gas."  That  this  is  wrong  can  be 
seen  from  the  fact  that  carbon  monoxide  is  at  least  equally  effec- 
tive in  checking  the  very  different  reaction  between  hydrogen  and 
ethylene  in  presence  of  platinum.  Here  there  is  no  oxygen  and 
no  oxidation  and  consequently  the  attraction  of  carbon  monoxide 
for  oxygen  can  play  no  part.  The  adsorption  hypothesis  explains 
both  reactions  equally  well.  If  carbon  monoxide  cuts  down  the 
adsorption  of  hydrogen  by  platinum,  it  will  interfere  with  the 
reaction  between  hydrogen  and  oxygen  or  ethylene.  Henry's 
argument  in  regard  to  the  respective  combustibilities  of  hydrogen, 
carbon  monoxide,  ethylene  and  methane,  holds  only  for  certain 
conditions  because  under  others  methane  and  ethylene  are  burned 
more  readily  than  either  hydrogen  or  carbon  monoxide. 

Schonbein-''  pointed  out  that  tlie  hydrides  of  sulphur,  selenium, 
l)hosphorus,  arsenic,  antimony,  and  tellurium  act  very  energeti- 
cally in  cutting  down  the  catalytic  action  of  platinum  on  mixtures 
of  air  with  hydrogen  or  ether.  He  is  quite  clear  that  the  trouble 
is  due  to  the  formation  of  some  sort  of  a  film  over  the  platinum 
and  he  considers  the  possibility  that  we  may  be  dealing  with  a 
gas  film  of  hydrogen  sulphide,  phosphide,  etc.  Schonbein  rejects 
the  assumption  of  a  gas  film  on  the  ground  that  hydrogen  sul- 
phide, for  instance,  is  more  readily  oxidized  by  oxygen  than  hy- 
drogen, and  that  consequently  such  a  film  would  be  destroyed  at 
once.  He  therefore  decides  that  the  film  is  probably  solid  sul- 
phur, phosphorus,  selenium,  arsenic,  antimony  or  tellurium, 
though  he  admits  that  this  should  be  checked  experimentally.  I 
do  not  know  whether  Schonbein  is  right  or  not ;  but  his  reasoning 
is  not  necessarily  sound.  We  have  already  seen  that  the  com- 
bustion of  mixed  gases  may  proceed  along  very  different  lines 
in  the  presence  and  in  the  absence  of  a  catalytic  agent.  It  might 
be  that  hydrogen  sulphide  was  adsorbed  by  platinum  so  much 
more    strongly    than    its    oxidation    products    that    the    platinum 
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actually  stabilized  the  hydrogen  sulphide.  This  is  a  question 
which  should  not  be  difficult  to  determine  experimentally.  The 
really  important  thing  is  that  Schonbein  saw  so  clearly  that  one 
must  postulate  the  existence  of  a  lilm  of  solid,  liquid,  or  gas  over 
the  surface  of  the  platinum  if  one  is  to  account  intelligently  for 
the  poisoning  of  the  platinum  catalysis. 

So  far,  all  that  I  have  done  is  to  show  that  we  can  account  for 
all  the  cases  that  have  been  considered  if  we  postulate  suitable 
and  not  improbable  adsorptions.  To  make  the  case  complete  one 
ought  to  show  that  all  substances  which  poison  catalytic  agents 
do  cut  down  the  adsorption  of  the  essential  reacting  substance 
or  reaction  product. 

One  case  involving  a  gas  has  been  studied.  Harbeck  and 
Lunge^^  found  that  carbon  monoxide  prevents  the  catalytic  action 
of  platinum  black  or  palladium  on  a  mixture  of  ethylene  and 
hydrogen.  Special  experiments  showed  that  both  platinum  and 
palladium  take  up  carbon  monoxide  and  retain  it  pertinaciously. 
Lunge  and  Harbeck  say  that  "both  metals  form  compounds  with 
carbon  monoxide  which  are  so  stable  that  they  must  be  considered 
as  definite  chemical  compounds  even  though  it  is  not  possible  to 
convert  all  the  platinum  or  palladium  into  the  corresponding 
compounds  and  to  obtain  them  in  a  pure  state  for  analysis.  A 
purely  mechanical  adsorption  of  carbon  monoxide  is  not  probable 
because  the  carbon  monoxide  cannot  be  driven  out  by  treatment 
with  hydrogen  or  other  gases.  x\lso  after  previous  treatment 
with  hydrogen  the  platinum  takes  up  just  as  much  carbon  mon- 
oxide as  without  the  treatment  with  hydrogen.  Also  it  is  only 
by  assuming  the  existence  of  an  actual  chemical  compound  be- 
tween Pt  and  CO  that  one  can  account  for  the  fact  that  the  con- 
tact action  of  platinum  on  a  mixture  of  ethylene  and  hydrogen 
is  checked  so  completely. 

"The  carbon  monoxide  is  not  set  free  until  the  platinum  is 
heated  to  about  250°  and  then  it  comes  off  suddenly,  which  is 
also  an  argument  for  the  existence  of  an  actual  chemical  com- 
pound. These  compounds  of  platinum  and  palladium  are  like 
those  of  carbon  monoxide  with  nickel  and  iron.  Since  they  are 
not  volatile  nor  soluble  in  the  ordinary  solvents,  it  is  not  possible 
to  isolate  them  or  to  decide  upon  their  compositions." 

=«Zeit.  anorg.   Chem.,   16,   50   (1898). 
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This  was  the  proper  view  to  take  at  the  time  when  these  experi- 
ments were  made ;  but,  nowadays,  it  is  clear  that  there  is  no  real 
evidence  of  the  existence  of  a  definite  compound.  If  the  hypo- 
thetical compound  is  as  stable  as  Lunge  says,  there  should  be  no 
difficulty  in  obtaining  the  compound  in  a  pure  state.  If  this  can- 
not be  done — and  Lunge's  experiments  are  not  conclusive  on  this 
point — we  must  be  considering  a  case  of  adsorption.  In  any 
event  the  cutting  down  of  the  catalytic  action  is  due  to  the  fact 
that  the  ethylene  and  hydrogen  are  not  adsorbed  to  the  same  ex- 
tent as  when  no  carbon  monoxide  is  present.  Except  from  a  theo- 
retical point  of  view,  it  is  immaterial  whether  the  platinum  is 
coated  with  a  film  of  compound  or  with  a  film  of  adsorbed  car- 
bon monoxide. 

Freundlich  and  Kaempfer-'  have  studied  an  interesting  case  of 
the  cutting  down  of  adsorption  in  aqueous  solution.  Uranium 
Xi  is  adsorbed  strongly  by  charcoal  and  is  displaced  to  some 
extent  by  very  dilute  solutions  of  thorium  nitrate.  The  presence 
of  a  solution  containing  about  0.0004  millimol  Th(N03)4  (a  little 
less  than  0.2  mg.  per  liter)  increases  the  concentration  of  uranium 
Xi  in  the  solution  by  about  twenty  percent.  The  charcoal  is  thus 
poisoned,  so  far  as  the  adsorption  of  uranium  Xj  is  concerned, 
by  infinitesimal  amounts  of  thorium  nitrate.  When  a  stronger 
solution  of  thorivim  nitrate  was  used,  the  concentration  of  the 
uranium  Xj  in  the  solution  increased  to  over  five-fold.  It  has 
been  shown  by  Warburg-'"  that  the  oxidation  of  oxalic  acid  in 
presence  of  a  suspension  of  blood  charcoal  in  water  is  checked 
by  methyl  urethane,  ethyl  urethane,  propyl  urethane,  and  phenyl 
urethane,  in  this  order,  the  phenyl  compound  being  the  most  effec- 
tive. It  was  recognized  that  this  was  due  to  the  urethanes  cutting 
down  the  adsorption^'''  of  oxalic  acid. 

We  have  already  seen  that  Henry  increased  the  rate  of  reaction 
between  carbon  monoxide  and  oxygen  in  presence  of  platinum 
by  adding  caustic  potash  to  remove  the  carbon  dioxide.  It  is  easy 
to  see  that  the  piling  up  of  the  reaction  products  will  cut  down 
the  reaction  velocity  if  they  prevent  the  reacting  products  from 
coming  in  contact  with  the  catalytic  agent.     This  has  been  ob- 

"Zeit.  phys.  Chem.,  90,  681  (1915). 
*'aPfluger's  Archiv,  155,  54  7(1914). 
^bHober:    Physikalische  Chemie  der  Zelle   und  Gewebe,  467    (1914'. 
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served  in  the  contact  sulphuric  acid  process.-^  The  usual  expla- 
nation is  that  Ave  are  dealing  with  diffusion  only ;  but  it  is  more 
likely  that  there  is  a  cutting  down  of  the  adsorption,  since  this 
is  the  most  important  factor  when  carbon  monoxide  poisons  plati- 
num with  reference  to  the  hydrogen-ethylene  reaction.  A  special 
case  of  some  interest  is  the  reaction  between  carbon  monoxide 
and  oxygen  at  about  300^^  with  quartz  glass  as  catalytic  agent. -^ 
"Oxygen  acts  at  any  rate  qvialitatively  about  as  it  should,  the 
rate  of  reaction  increasing  with  increasing  concentration.  Car- 
bon monoxide  behaves  quite  differently  and  tends  to  check  its 
own  combustion  under  these  circumstances.  It  is  a  negative  auto- 
catalytic  agent.  In  all  the  experiments  the  peculiar  result  was 
obtained,  that  the  absolute  reaction  velocity  increases  with  de- 
creasing concentration  of  carbon  monoxide  and  decreases  with 
increasing  concentration."  Bodenstein  offers  no  explanation  for 
this  surprising  result  though  he  calls  attention  to  the  fact  that 
carbon  monoxide  acts  as  a  poison  in  many  cases.  There  are  no 
data  in  regard  to  the  adsorption  of  carbon  monoxide  by  quartz 
glass  from  which  one  could  predict  the  results  obtained  by  Boden- 
stein and  Ohlmer ;  but  if  carbon  monoxide  displaces  oxygen  suffi- 
ciently at  the  surface  of  the  catalytic  agent,  one  would  get  exactly 
the  results  that  Bodenstein  and  Ohlmer  found  experimentally. 
It  is  therefore  probable  that  the  action  of  carbon  monoxide  in 
poisoning  its  own  combustion  with  oxygen  is  due  to  its  displace- 
ment of  oxygen  from  the  adsorption  film.  When  discussing  the 
fractional  combustion  of  carbon  monoxide  and  hydrogen  in  pres- 
ence of  platinum,  stress  was  laid  on  the  fact  that  carbon  mon- 
oxide must  cut  down  the  adsorption  of  hydrogen  by  platinum. 
It  is  also  possible  that  carbon  monoxide  cuts  down  the  adsorp- 
tion of  oxygen  by  platinum  though  this  cannot  be  the  important 
factor  because  carbon  monoxide  also  poisons  the  reaction  between 
hydrogen  and  ethylene  in  presence  of  platinum. 

A  case  which  has  been  studied  a  great  deal  quantitatively  is 
the  decomposition  of  hydrogen  peroxide  solution  by  platinum. 
One  of  the  most  interesting  things  about  this  reaction  is  its  ex- 
treme sensitiveness  to  the  so-called  poisons.^''    The  rate  of  decom- 

»  Bodenstein:    Zeit.  Elektrochemie,  9,  696  (1903) ;  Zeit.  anorg.  Chem.,  44,  267  (1905). 
"Bodenstein  and  Ohlmer:    Zeit.  phys.  C!iem.,   S3.   166   (1905). 

5"  Bredig  and  von  Eerneck:  Zeit.  phys.  Chem.,  31,  258  (1899);  Brediij  and  Ikeda: 
Ibid,  37,  1    (1901). 
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position  of  hydrogen  peroxide  by  a  given  solution  of  colloidal 
platininn  was  reduced  approximately  to  one-half  by  N/20,000,000 
HCN,  X/2,000,000  HgCl,  and  N/36o,000  H,S.  Curiously  enough 
it  has  been  shown  by  Schonbein"^  that  these  same  substances  cut 
down  the  catalytic  action  of  red  blood  corpuscles  on  hydrogen 
peroxide.  Owing  to  the  similarity  between  the  action  of  colloidal 
metals  and  organic  ferments  in  many  cases  Bredig  called  the  col- 

TablE  I. 

Concentrations  at  which  poisons  reduce  the  rate  of  the  catalytic 

decomposition  of  hydrogen  peroxide  approximately 

to  one-half. 


Poison 

1 

Colloidal  Platinum 

N/300,000 

Haemase 

H-vS 

N/ 1,000,000 

HCN 

N/20,000.000 

N/1,000,000 

HgCU 

N/2,000,000 

N/2,000,000 

HgBr- 

N/300.000 

Hg(CN). 

N/200,000 

N/300,000 

h  in  KI 

N/5.000,000 

N/50,000 

NH.OH.HCl 

N/25,000 

N/80.000 

Phenyl  hydrazine 

N/20,000 

Aniline 

N/5.000 

N/400 

Arsenious  acid 

N/50 

No  poisoning  at  N/2,000 

CO 

Very  poisonous 

No  poisoning 

HCl 

N/3,000 

N/100,000 

NH,C1 

N/200 

N/1,000 

?INO, 

No  poisoning 

N/250,000 

H.SO4 

No  poisoning 

N/50,000 

KNO3 

No  poisoning 

N/40,000  at  0' 

KCIO3 

Slight  poisoning  (?) 

N/40,000  at  0° 

loidal  metals  prepared  by  his  method  inorganic  ferments.  This 
stirred  up  a  violent  discussion  because  people  seemed  to  think 
that  the  colloidal  metals  ought  to  behave  exactly  like  the  ferments 
in  every  respect  or  ought  not  to  behave  like  them  at  all.  In  Table  I 
are  given  data"-  for  the  concentration  necessary  to  cut  down  the  rate 
of  decom})Osition  of  hydrogen  peroxide  to  one-half  when  the  cata- 
lytic agents  are  colloidal  platinum  and  haemase,  the  active  enzyme 
in  the  red  blood  corpuscles.  While  many  of  the  substances  that 
cut  down  the  platinum  catalysis  also  decrease  the  catalytic  action 

»'  Tour,  prakt.  Chem.,   105,  202   (1868). 
•-Senter:    Zeit.  pliys.  Chem.,  51,  701    (1905). 
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of  haemase,  there  are  many  cases  where  no  parallelism  occurs. 
Thus  carbon  monoxide  is  very  toxic  to  platinum  and  has  no  effect 
on  haemase.  On  the  other  hand,  nitric  acid,  sulphuric  acid,  and 
potassium  chlorate  have  practically  no  eft'ect  on  platinum  and 
are  quite  toxic  to  haemase.  Even  where  there  is  a  general  par- 
allelism, one  must  not  follow  it  too  closely.  With  platinum  the 
prussic  acid  solution  has  one-tenth  the  concentration  of  the  mer- 
curic chloride  solution,  while  with  haemase  it  has  double  the 
concentration.  The  tabulated  concentration  for  mercuric  chloride 
is  the  same  for  platinum  as  for  haemase,  while  that  for  iodine 
dissolved  in  potassium  iodide  is  one  hundred  times  as  great  for 
haemase  as  for  platinum.  Kastle  and  Loevenhart""  point  out 
that  prussic  acid  is  a  strong  poison  for  colloidal  platinum  and  col- 
loidal silver,  but  accelerates  the  catalysis  of  hydrogen  peroxide 
by  iron  and  copper.  The  whole  matter  becomes  a  good  deal 
clearer  if  we  consider  that  the  so-called  poisons  are  adsorbed 
strongly  by  the  catalytic  agent  and  therefore  prevent  or  decrease 
the  adsorption  of  hydrogen  peroxide.'^*  This  adsorption  will  be 
.specific  and  will  therefore  in  general  not  be  the  same  quantita- 
tively for  diff'erent  catalytic  agents.  On  the  other  hand,  there 
may  well  be  a  qualitative  agreement  in  some  or  even  in  many 
cases,  which  is  exactly  what  is  fovnid  experimentally.  Owing  to 
the  extreme  flexibility  of  this  hypothesis  there  is  nothing  as  yet 
to  prevent  its  accounting  for  ail  the  phenomena  observed.^^  On 
the  other  hand,  it  must  be  .remembered  that  proof  is  still  lacking 
that  platinum  adsorbs  prussic  acid,  for  instance,  very  much  more 
strongly  from  an  aqueous  solution  than  it  does  hydrogen  sulphide 
or  that  there  is  no  such  difference  with  haemase.  It  is  also  to  be 
remembered  that  there  is  no  experimental  proof  as  yet  that  plati- 
num adsorbs  the  poisons  strongly.^®  We  do  know,  however,  that 
many  of  the  substances  that  poison  the  platinum  catalysis  of 
hydrogen  peroxide  also  poison  the  platinum  catalysis  of  oxy- 
hydrogen  gas.  In  fact,  Ernst"  arranges  the  substances  which  he 
studied  in  the  following  order  in  regard  to  their  poisoning  action 
on  the  platinum  catalysis  of  oxyhydrogen  gas,  the  strongest  poison 

33  Am.  Chem.  Jour.,  29,   397   (1903). 

"  C/.   Senter:    Zeit.   phys.   Chem.,  51,   702    (190S);   Denham:    Ibid,   72,   689   (1910). 

35  Cf.  Freundlich   and  Kaempfer:    Zeit.  phys.   Chem.,   90.   681    (1915). 

3«  CA  however,   Meyerhof:     Pfliiger's  Archiv,    157,   251    (1914). 

3' Zeit.  phys.  Chem.,  37,  483   (1901). 
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coming  first :  Prussic  acid,  cyanogen  iodide,  alkaline  sodium  thio- 
sulphate,  mercuric  chloride,  hydrogen  sulphide,  iodine,  bromine, 
phosphine,  hydroxylamine  hydrochloride,  mercuric  cyanide,  hy- 
drazine sulphate,  arsenious  acid,  phenol.  Ernst  points  out  that 
this  is  also  the  order  in  which  the  substances  poison  the  platinum 
catalysis  of  hydrogen  peroxide.  Although  a  ten  percent  solution 
of  formic  acid  precipitates  colloidal  platinum,  it  increases  the  rate 
.of  reaction  of  oxyhydrogen  gas  three-fold.  Ernst  cites  Ikeda  as 
his  authority  for  stating  that  formic  acid  has  a  similar  effect  on 
the  platinum  catalysis  of  hydrogen  peroxide. 

There  may  be  other  factors  which  must  be  taken  into  account. 
Thus  Bredig"^  points  out  that  when  colloidal  platinum  is  allowed 
to  stand  in  contact  with  hydrogen  peroxide  and  concentrated 
potassium  cyanide,  the  platinum  flocculates  and  precipitates.  The 
agglomerated  platinum  causes  the  hydrogen  peroxide  to  decom- 
pose, thus  showing  that  the  cyanide  does  not  poison  precipitated 
platinum  black.  There  seem  to  be  only  two  possible  explanations. 
One  is  that  the  adsorption  of  potassium  cyanide  by  platinum  falls 
off  very  much  more  rapidly  with  increasing  size  of  the  platinum 
particles  than  does  the  adsorption  of  hydrogen  peroxide  by  plati- 
num. The  other  explanation  is  that,  through  oxidation  or  other- 
wise, there  is  formed  what  might  be  called  an  anti-body,  which 
cuts  down  the  adsorption  of  the  cyanide.  Neither  hypothesis  is 
very  satisfactory  and  neither  is  supported  by  any  experimental 
evidence  that  I  know  of  except  that  Jablczynski^^  found  that 
platinized  platinum  decomposes  hydrogen  peroxide  one  hundred 
times  as  fast  and  chromous  chloride  only  three  times  as  fast  as 
does  smooth  platinum  foil.  The  matter  should  be  taken  up  be- 
cause Rosnyak'*"  claims  that  the  catalytic  action  of  platinum  on 
hydrogen  peroxide  increases  with  increasing  disperity  while  Fel- 
gate*^  states  that  pulverulent  nickel  reduces  nitric  oxide  and 
colloidal  nickel  does  not.  In  both  cases  it  is  probable  that  some 
factor  has  been  overlooked  or  not  stated.  The  more  finely  divided 
the  platinum  the  more  likely  the  surface  is  to  be  coated  with  oxide 
and  it  does  not  follow  at  all  that  the  catalytic  action  of  metallic 
platinum  is  the  same  as  that  of  an  oxide  of  platinum.    If  the  metal 

ssZeit.  phys.  Chem.,  31,   332   (1899). 

^'Ibid.,  64,  751    (1908). 

*oibia.,  68,  85   (1913). 

«Chem.  News,   108,   178   (1913). 
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is  kept  in  suspension  by  means  of  gelatine  or  some  similar  sub- 
stance, this  will  have  an  effect  on  the  adsorption  and  consequently 
on  the  catalytic  agent.  The  increase  in  stability  of  the  colloidal 
metal  may  have  to  be  paid  for  in  a  decreased  catalytic  action. 

As  a  result  of  the  hypothesis  developed  in  this  paper  it  is  now 
possible  to  offer  a  plausible  explanation  of  some  electrolytic 
phenomena  which  have  been  most  puzzling  hitherto.*^  "It  is  very 
remarkable  that  the  rise  of  potential  at  a  smooth  platinum  anode 
is  sometimes  dependent  on  the  nature  of  the  electrolyte.  The 
difference  of  potential  between  smooth  and  platinized  platinum 
is  less  in  sulphuric  acid  than  in  caustic  soda,  other  conditions 
being  the  same.  A  slight  addition  of  hydrofluoric  acid  to  sulphuric 
acid  increases  the  potential  at  which  oxygen  is  set  free  at  smooth 
platinum  by  an  amount  varying  from  several  hundredths  of  a 
volt  to  a  tenth  of  a  volt,  provided  the  temperature  is  low  and  the 
current  density  not  too  high.  The  increase  in  potential  is  greater 
the  ratio  of  hydrofluoric  acid  to  sulphuric  acid  and  reaches  a 
maximum  for  pure  hydrofluoric  acid.*^  Hydrochloric  and  hydro- 
bromic  acids  behave  similarly  except  that  with  these  acids  the 
maximum  potential  is  reached  with  slight  additions  so  that  the 
amount  of  the  halide  acids  is  only  a  few  percent  of  the  total  acid 
concentration.  Here  also  the  potential  in  pure  hydrochloric  acid 
is  higher  than  in  an  equivalent  sulphuric  acid  solution  in  case  a 
sufficient  evolution  of  oxygen  is  provided  by  keeping  the  concen- 
tration of  the  hydrochloric  acid  sufficiently  low  and  the  current 
density  sufficiently  high.  In  normal  HCl  a  current  density  of 
0.057  amp./sq.  cm.  is  sufficient.**  Nitric  acid  is  very  variable.  In 
normal  acid  solution  it  always  raises  the  potential;  but  in  a  ION. 
acid  solution  the  addition  of  a  small  amount  of  acid  raises  the 
potential,  whereas  addition  of  more  nitric  acid  lowers  it  a  good 
deal,  so  much  so  that  between  ION.  H2SO4  and  ION.  HNO3  the 
potential  for  the  evolution  of  oxygen*^  falls  0.28  to  0.65  volt  for 
anode  current  densities  of  0.05  to  0.5  amp./sq.  cm.  and  a  tempera- 
ture of  12°.  In  caustic  soda  solution  presence  of  NO3  raises  the 
anode  potential.  Ammonia  has  the  same  effect,  because  it  is 
oxidized  at  the  anode  to  nitrate.*®     *     *     * 

*^Foerster:     Elektrocheinie  wasseriger  I,6sungen,   284,   735    (1915). 

"Mtiller:    Zeit.  Elektrochemie,   10,  780   (1904). 

"Miiller  and  Scheller:    Zeit.  anorg.   Chem.,  48,   112   (1905). 

♦^  Schellhaass:     Zeit.    Elektrochemie,    14,    121    (1908). 

*' Miiller  and  Spitzer:    Zeit.   Elektrochemie,   11,   920   (1905). 
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"It  is  very  often  customary  to  use  platinum  black  as  a  means 
of  accelerating  the  oxidizing  action  of  atmospheric  oxygen.  Oxi- 
dations which  take  place  readily  at  a  platinized  anode  may  there- 
fore be  considered  as  being  accelerated  catalytically  by  the 
platinum  black  of  the  anode.  The  power  of  platinum  black  to 
act  catalytically  in  oxidations  and  in  many  other  chemical  reactions 
is  affected  very  markedly  by  certain  substances,  such  as  prussic 
acid,  mercuric  cyanide,  etc.*^  The  same  substances  have  a  similar 
action  on  many  electrolytic  oxidations  occurring  at  platinized 
anodes ;  they  cut  down  the  rate  of  oxidation  and,  when  the  current 
or  the  rate  of  oxidation  is  kept  constant,  cause  an  increase  of  the 
anode  potential  which  gives  a  higher  oxygen  pressure  in  the  solu- 
tion and  therefore  restores  the  old  reaction  velocity.  When  a 
solution  of  sodium  thiosulphate  is  kept  absolutely  neutral,  it  is 
oxidized  quantitatively  to  tetrathionate*^  at  a  platinized  anode 
with  a  potential  of  +0-44  volt  for  a  current  density  of  3.10  to  4 
amp./sq.  cm.  If  one  adds  a  trace  of  mercuric  cyanide,  the  anode 
potential  at  which  the  same  current  is  obtained  rises  to  -}-0-48 
volt.  From  this  it  follows  that  the  oxidation  process  really  takes 
place  through  an  intermediate  formation  of  oxygen  according  to 
the  reaction 

23,03"  +  O  +  H2O  ->  S.O,"  +  20H' 

and  not,  as  one  might  have  expected,  according  to  the  reaction 

23,03"  +  2F  ->  3,0," 

In  addition  to  these  essentially  catalytic  actions  of  certain  dissolved 
substances  which  are  not  used  up  during  the  electrolysis,  there 
are  some  other  remarkable  phenomena  which  are  distinctly  differ- 
ent in  nature.  When  discussing  the  anodic  evolution  of  oxygen 
we  became  acquainted  with  the  surprising  and  still  unexplained 
fact  that  certain  anions,  such  as  CI',  F',  SO"4,  CIO'4,  etc.,  increase 
markedly  the  anode  potential  at  which  oxygen  is  evolved  at  a 
smooth  platinum  anode.  The  presence  of  substances  which  in- 
crease the  anode  potential  aids  such  anodic  oxidations  as  call  for 

«Bredig  and  von  Berneck:  Phys.  Chem.,  31,  324  (1899);  Bredig  and  Ikeda:  Ibid. 
37,  1   (1901). 

"Thatcher:  Zeit.  phys.  Chem.,  47,  693  (1904):  It  is  still  an  open  question  to  what 
an  extent  in  these  and  similar  cases  the  action  of  the  retarding  substances  may  or 
may  not  be  due  to  the  formation  of  thin  diaphragms. 
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a  high  anode  potential.  Thus  the  current  yield  of  persulphates 
is  increased  by  the  addition  of  small  amounts  of  hydrochloric 
acid,*^  which  increases  the  anode  potential.""  The  oxidation  of 
iodate  to  periodate  does  not  take  place  in  neutral  solution  at  a 
smooth  platinum  anode,  but  takes  place  readily  if  the  solution 
contains  chloride,  chlorate,  or  sulphate  in  addition  to  iodate. "^ 
The  electrolysis  of  acetates  at  smooth  platinum  gives  rise  chiefly 
to  ethane  and  carbon  dioxide ;  but  the  products  are  chiefly  methyl 
alcohol  and  carbon  monoxide  [  ?]  when  the  acetate  solution  con- 
tains chlorate,  sulphate  or  bicarbonate.^^.  Fluoride  ions  are  espe- 
cially active ;  they  increase  the  oxidation  of  chromic  sulphate  to 
chromic  acid  or  of  manganous  sulphate  to  permanganic  acid.°^ 
In  the  electrolysis  of  potassium  iodate,  addition  of  fluorides  causes 
an  increase  in  the  current  yield  of  periodate  from  zero  up  to  30 
percent  f*  in  the  electrolysis  of  potassium  sulphate  addition  of 
fluorides  increases  the  yield  from  50  percent  to  80  percent.^^  In 
these  last  cases  the  fluorine  anions  cause  a  marked  increase  in  the 
anode  potential.  In  the  instances  of  electrolytic  reduction  there 
is  nothing  comparable  to  this  group  of  phenomena." 

Foerster  seems  to  distinguish  between  the  mercuric  cyanide  on 
the  one  hand  and  the  fluoride  ions  on  the  other,  calling  the  action 
of  the  first  catalytic  and  the  action  of  the  second  something  else. 
There  is  a  distinction  between  the  two  sets  of  substances;  but  it 
is  not  the  one  that  Foerster  makes.  It  is  true  that  when  one  is 
using  chlorine  ion  to  raise  the  anode  potential,  there  may  be  a 
change  in  this  ion.  Thus  Miiller^*'  points  out  that  when  iodate  is 
electrolyzed  in  presence  of  chloride,  the  process  at  the  anode  may 
consist  chiefly  in  the  formation  of  chlorine  or  hypochlorous  acid 
and  that  these  then  react  chemically  to  oxidize  the  iodate  to  perio- 
date. While  this  may  perhaps  happen  with  chlorides,  it  certainly 
does  not  happen  with  fluorides.  The  essential  part  of  the  action 
is  therefore  catalytic,  the  fluoride  remaining  unchanged  at  the  end 
of  the  run.    As  I  see  it,  the  two  substances,  mercuric  cyanide  and 

*9  Elbs  and  Schonherr:    Zeit.   Elektrochemie,   2.   250    (J895). 
'0  Muller  and  Scheller:    Zeit.  anorg.   Chem.,  48,    112   (1905). 
"Muller:    Zeit.   Elektrochemie,   7,  516   (1901);    10,   64    (1904). 
«2Hofer  and  Moest:    Liebig's  Ann.,  323,  284   (1902). 
»3  Skirrow:    Zeit.  anorg.  Cliera.,  33,  25    (1903). 
"Muller:    Zeit.   Elektrochemie,   10,   753    (1904). 
"Miiller:    Ibid,   10,   776   (1904). 
"Zeit,  Elektrochemie,   10,  753   (1904). 
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potassium  fluoride,  both  act  as  poisons  but  they  poison  different 
reactions.  The  mercuric  cyanide  cuts  down  the  adsorption  of 
thiosulphate  and  therefore  decreases  the  oxidation  and  increases 
the  polarization.  To  get  the  same  current  one  must  increase  the 
voltage.  There  is  no  evidence  in  Thatcher's  experiments  that 
mercuric  cyanide  increases  the  over-voltage  at  the  anode  and 
Foerster  assumes  that  it  does  not.  In  the  case  of  potassium  fluo- 
ride we  do  have  an  increase  in  the  over-voltage,  which  means 
therefore  an  increase  in  the  monatomic  oxygen.  If  potassium 
fluoride  poisons  the  anode  for  the  reaction  20  — >  O2,  it  would 
produce  just  the  effects  which  we  actually  get  and  this  is  therefore 
a  satisfactory  working  hypothesis  for  the  time  being.  Whether 
it  actually  does  retard  this  reaction  is  a  matter  to  be  tested  experi- 
mentally. We  ought  to  find  a  distinct  relation  between  the  sub- 
stances which  poison  the  hydrogen  peroxide  catalysis  and  those 
which  change  the  over-voltage  of  a  platinum  anode. 

Foerster  says  that  we  have  nothing  equivalent  to  this  at  the 
cathode ;  but  I  think  that  that  is  merely  because  we  have  not  looked 
for  it.  There  is  only  a  very  slight  over-voltage  with  a  smooth 
platinum  cathode  in  sulphuric  acid  solution.  There  is  a  very  large 
over-voltage  with  smooth  platinum  in  a  cadmium  sulphate  solution. 
It  seems  to  me  probable  that  one  could  get  any  intermediate  value 
by  taking  a  suitable  mixture  of  cadmium  sulphate  and  sulphuric 
acid  or  zinc  sulphate  and  sulphuric  acid.  Nobody  has  ever  tried 
this  consciously  because  there  was  no  especial  reason  for  doing  it, 
though  the  addition  of  a  copper  salt  in  the  electrolytic  determina- 
tion of  nitric  acid  is  very  possibly  a  case  in  point  where  the  thing 
was  done  empirically. 

The  general  conclusions  to  be  drawn  from  this  paper  are : 

1.  Since  contact  catalysis  involves  adsorption,  a  decrease  in  the 
adsorption  will  mean  a  decrease  in  the  reaction  velocity,  other 
things  remaining  the  same. 

2.  The  adsorption  may  be  decreased  by  the  presence  on  the  solid 
catalytic  agent  of  a  film  of  solid,  liquid,  or  gas. 

3.  Very  small  amounts  of  grease  will  keep  palladium  from 
taking  up  hydrogen. 

4.  Carbon  monoxide  cuts  down  the  catalytic  action  of  platinum 
on  oxyhydrogen  gas  and  is  itself  oxidized  slowly. 
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5.  The  preferential  oxidation  of  carbon  monoxide  is  not  the 
reason  for  its  poisoning  the  catalytic  action  of  platinum  on  oxy- 
hydrogen  gas. 

6.  Carbon  monoxide  is  retained  tenaciously  by  platinum,  and 
carbon  monoxide  practically  destroys  the  catalytic  action  of  plati- 
num on  hydrogen  and  ethylene. 

7.  Carbon  monoxide  undoubtedly  decreases  the  adsorption  of 
hydrogen  and  ethylene  by  platinum,  though  there  are  no  direct 
measurements  to  show  this. 

8.  Since  the  presence  of  the  reaction  products  will  decrease  the 
rate  at  which  the  reacting  substances  will  diffuse  to  the  catalytic 
agent  and  since  the  reaction  products  may  decrease  the  adsorption 
of  the  reacting  substances,  the  reaction  products  may  decrease  the 
reaction  velocity  if  they  are  not  removed. 

9.  The  reaction  between  carbon  monoxide  and  oxygen  in 
presence  of  platinum  is  accelerated  by  the  addition  of  caustic 
potash  to  remove  the  carbon  dioxide. 

10.  Sulphur  trioxide  decreases  the  rate  at  which  sulphur  dioxide 
and  oxygen  react. 

11.  If  one  reacting  substance  decreases  the  adsorption  of  the 
other  very  much,  presence  of  an  excess  of  the  first  may  decrease 
the  reaction  velocity. 

12.  When  a  mixture  of  carbon  monoxide  and  oxygen  is  cata- 
lyzed by  quartz  glass,  an  increase  in  the  concentration  of  the 
oxygen  increases  the  reaction  velocity,  but  an  increase  in  the  con- 
centration of  the  carbon  monoxide  decreases  it. 

13.  Since  the  poisoning  of  the  hydrogen  peroxide  catalysis  is 
due  to  selective  adsorption,  there  is  no  necessary  reason  why  the 
same  substances  should  poison  both  platinum  and  haemase  or 
should  poison  them  to  the  same  extent.  On  the  other  hand  there 
is  no  reason  why  there  should  not  be  a  certain  parallelism,  and  that 
is  all  that  actually  occurs. 

14.  When  a  colloidal  metal  is  kept  in  suspension  by  the  addition 
of  gelatine  or  other  substance,  the  stabilizer  may  cut  down  the 
adsorption  and  consequently  may  tend  to  decrease  the  reaction 
velocity. 

15.  If  the  retarding  effect  due  to  the  stabilizer  is  greater  than 
the  accelerating  effect  due  to  increased  surface,  a  stabilized  col- 
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loidal  metal  may  be  less  effective  than  a  pvdverulent  metal  which 
is  not  handicapped  by  a  stabilizer. 

16.  The  action  of  mercuric  cyanide,  etc.,  in  cutting  down  the 
electrolytic  oxidation  of  thiosulphate  is  probably  due  in  part  to 
its  decreasing  the  adsorption  of  thiosulphate  at  the  anode. 

17.  The  action  of  fluoride  ions,  etc.,  in  increasing  the  anode 
over-voltage  is  undoubtedly  due  to  the  fact  that  they  decrease  the 
catalytic  action  of  the  anode  on  the  reaction  20  — >  Og 

18.  An  increase  in  over-voltage  at  the  cathode  could  undoubt- 
edly be  obtained  by  taking  a  suitably  acidified  solution  of  zinc 
sulphate  or  cadmium  sulphate.  It  is  possible  that  the  addition  of 
copper  salts  in  the  electrolytic  determination  of  nitrates  is  anal- 
ogous to  the  addition  of  chloride  or  fluorides  in  the  electrolytic 
formation  of  persulphates. 

Cornell  University. 
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FRACTIONAL  COMBUSTION 

By  Wilder  D.  Bancroft.* 

[Abstract.] 

The  author  discusses  the  general  question  of  which  of  two 
combustible  gases,  mixed  together,  will  burn  the  more  rapidly, 
and  the  influence  of  a  catalytic  agent  on  the  course  of  this 
phenomenon.  For  instance,  hydrogen  burns  more  readily  than 
methane  or  ethylene  in  the  presence  of  platinum.  The  influence 
of  copper  oxide,  chamotte,  and  boro-silicate  glass  are  reviewed. 
Hydrogen  and  carbon  monoxide  mixtures  are  similarly  discussed. 
The  specific  efifect  of  a  catalytic  agent  in  influencing  these  prefer- 
ential combustions  probably  disappears  at  very  high  temperatures, 
where  the  reaction  velocities  become  verv  high. 


We  may  consider  platinum  black  saturated  with  hydrogen, 
carbon  monoxide,  ethylene,  methane,  or  oxygen  as  a  hydrogen, 
carbon  monoxide,  ethylene,  methane,  or  oxygen  electrode  and  from 
a  measurement  of  electromotive  forces,  we  can  determine  which 
one  of  the  first  four  gases  should  oxidize  the  most  readily  in 
presence  of  platinum.  So  long  as  we  assume  that  no  one  of  the 
gases  interferes  with  any  of  the  others  in  a  mixture  we  can  predict 
what  a  mixture  will  do.  If,  however,  a  mixture  does  not  behave 
in  the  way  it  should,  there  is  a  factor  which  we  have  overlooked 
in  our  calculation  of  the  electromotive  forces.  If  we  consider 
the  platinum,  as  we  usually  do,  as  a  means  of  letting  the  chemical 
affinities  have  free  play,  the  relative  oxidizability  of  the  different 
gases  should  be  the  same  in  presence  of  and  in  absence  of  platinum. 
If  there  is  a  difference  in  the  two  cases,  the  question  at  once  arises 
to  what  extent  the  electromotive  force  calculated  from  the  free 
energy  of  hydrogen  and  oxygen  is  really  the  true  electromotive 

*  Professor  of  Chemistry,   Cornell   University. 
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force  of  the  hydrogen  and  oxygen  gas  cell.  It  is  not  my  intention 
to  answer  either  of  these  questions  in  this  paper.  I  merely  bring 
them  up  to  show  that  a  study  of  the  theory  of  fractional  com- 
bustion may  be  essential  to  a  proper  understanding  of  some  electro- 
chemical problems. 

Many  years  ago  Henry*  made  an  interesting  study  of  the  effect 
of  platinum  on  the  fractional  combustion  of  gases.  Hydrogen  and 
oxygen  combine  readily  at  ordinary  temperatures  in  presence  of 
platinum ;  carbon  monoxide  and  oxygen  react  extremely  slowly 
under  the  same  circumstances ;  and  neither  ethylene  and  oxygen 
nor  methane  and  oxygen  react  at  all.  When  a  mixture  of  methane 
and  oxyhydrogen  gas  is  exposed  to  platinum,  the  hydrogen  burns 
and  the  methane  does  not.  When  a  mixture  of  ethylene  and 
oxyhydrogen  gas  is  placed  in  contact  with  platinum  some  of  the 
ethylene  always  burns.  When  a  mixture  of  carbon  monoxide  with 
oxyhydrogen  gas  is  exposed  to  platinum,  there  is  a  very  slow 
reaction,  the  carbon  monoxide  burning  more  readily  than  the 
hydrogen. 

Hydrogen  is  adsorbed  by  platinum  more  strongly  than  ethylene 
and  consequently  it  tends  to  burn  first.  Since  ethylene  does  not 
burn  at  all  under  the  same  circumstances,  it  is  possible,  though 
not  probable,  that  the  combustion  in  presence  of  hydrogen  is  due 
to  the  oxygen  passing  through  some  intermediate  stage  in  which 
it  oxidizes  the  eth3dene.  That  would  make  this  an  induced  re- 
action. It  seems  to  me  more  probable  that  we  are  dealing  with  a 
case  of  local  heating,  the  ethylene  burning  at  the  higher  tempera- 
ture thus  produced.  This  is  the  more  probable  since  more  ethylene 
is  burned  the  greater  the  ratio  of  oxyhydrogen  gas  and  the  greater 
the  ratio  of  oxygen.  In  fact  Henry  found  that  ethylene,  when 
mixed  with  sufficient  oxygen,  began  to  burn  in  contact  with 
platinum  sponge  at  about  250°  and  was  converted  completely  into 
carbon  dioxide  at  about  270°.  Lunge  and  Harbeck^  have  shown 
that  carbon  monoxide  is  retained  very  tenaciously  by  platinum. 
It  should  therefore  burn  before  hydrogen,  and  so  it  does.  Methane 
is  undoubtedly  adsorbed  much  less  than  either  hydrogen  or  carbon 
monoxide,  and  this  is  in  line  with  the  fact  that  it  is  burned  less 
readily  under  these  circumstances. 

•Phil.  Mag.,  65,  269   (1825). 

'  Zeit.  anorg.   Chem.,    16,   SO   (1898). 
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Henry  based  a  method  of  gas  analysis  on  these  observations- 
He  found  that  by  regulating  the  temperature  carefully  "the  action 
of  oxygen  upon  several  gases  (carbonic  oxide,  olefiant  gas,  and 
carburetted  hydrogen,  for  example)  may  be  made  to  take  place 
in  succession ;  and  by  removing  the  carbonic  acid  formed  at  each 
operation,  it  may  be  ascertained  how  much  of  each  of  the  first 
two  gases  has  been  decomposed.  The  carburetted  hydrogen  indeed 
always  remains  unchanged,  and  its  quantity  must  be  determined 
by  firing  it  with  oxygen  by  the  electric  spark.  If  hydrogen  also 
be  present,  it  is  difficult  to  prevent  the  olefiant  gas  from  being 
partially  acted  upon ;  but  this  is  of  little  consequence,  as  I  had 
shown  that  it  is  easy  to  remove  that  gas  in  the  first  instance  by 
chlorine." 

This  method  of  Henry's  was  afterwards  worked  out  in  more 
detail  by  Hempel,^  substituting  palladium  for  platinum.  A  mix- 
ture of  hydrogen  with  an  excess  of  oxygen  burns  completely  when 
passed  over  palladium.  The  reaction  begins  spontaneously  at 
ordinary  temperatures,  but  so  much  heat  is  evolved  that  the  palla- 
dium glows  and  the  gases  explode  in  case  they  are  present  in  the 
ratio  to  form  water.  When  methane  and  oxygen  are  passed  over 
palladium  at  100°  no  combination  takes  place.  The  reaction  starts 
at  about  200°.  Thus  there  was  a  contraction  of  3  c.c.  when  a 
mixture  of  29.3  c.c.  methane  and  70.6  c.c.  oxygen  was  passed 
several  times  over  palladium  at  about  200°  to  220°.  When  a 
mixture  of  hydrogen,  methane,  and  air  is  passed  over  palladium 
at  ordinary  temperatures  or  at  100°,  the  hydrogen  alone  is  burned 
and  the  methane  remains  unchanged,  provided  precautions  are 
taken  so  that  the  palladium  does  not  heat  up  too  much.^ 

If  a  mixture  of  hydrogen  and  methane  is  passed  over  copper 
oxide  at  250°,  the  hydrogen  is  burned  completely,  while  the 
methane  is  not  oxidized  at  all.*  This  method  is  said^  to  be  dis- 
tinctly superior  to  the  fractional  combustion  of  hydrogen  by 
palladium  or  palladium  asbestos  because  no  air  or  oxygen  is  added 
to  the  combustible  gas,  which  makes  it  possible  to  pass  the  total 
gas  residue  through  the  tube  with  consequent  gain  in  the  accuracy 
of  the  analytical  results. 

2  Ber.  deutsch.  chem.  Ges.,   12,   1006   (1879). 

«  C/.   Hempel:    Zeit.   angew.   Chem.,   25,   1841    (1912). 

♦Jager:    Jour.  Gasbeleuchtung,  41,  764   (1898). 

*  Dennis:     Gas  Analysis,    199    (1913). 
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In  view  of  the  comparative  readiness  with  which  methane  can 
be  separated  from  hydrogen  by  the  fractional  combustion  of  the 
latter  gas,  it  is  not  surprising  that  people  came  to  the  conclusion 
that  hydrogen  always  burns  more  readily  than  methane.  From 
experiments  on  the  burning  of  illuminating  gas,  Landolt^  con- 
cluded that  in  the  flame  "the  gases  disappear  in  the  order  of  their 
combustibility.  Hydrogen  burns  more  readily  than  any  other  gas 
and  consequently  disappears  the  soonest  in  the  flame.  Marsh  gas 
disappears  somewhat  more  slowly,  and  the  denser  hydrocarbons 
disappear  latest,  burning  chiefly  in  the  upper  half  of  the  flame." 
It  has  been  pointed  out  by  Bone^  that  Landolt's  results  are  vitiated 
by  the  fact  that  he  used  a  platinum  tube  of  narrow  bore,  fixed 
along  the  vertical  axis  of  the  flame  for  the  withdrawal  of  the 
partly  burned  products. 

Table  I. 


Vol 

umes   Before  Firing 

Ratio  of  HsOiCGi 

CO 

H, 

O2 

7.36 

2 

0.85 

5.98 

2 

1.08 

4.87 

2 

1.28 

5.03 

2 

1.29 

3.90 

2 

1.53 

2.82 

2 

1.83  . 

Henry's  experiments  showed  that  carbon  monoxide  burned 
before  hydrogen  when  in  contact  with  platinum  at  relatively  low 
temperatures  and  that  hydrogen  burned  before  carbon  monoxide 
when  the  gases  were  exploded  by  an  electric  spark.  This  last 
remark  is  confirmed  by  Bunsen's  experiments*  given  in  Table  I. 
More  hydrogen  is  burned  than  carbon  monoxide  until  the  ratio  of 
the  second  to  the  first  is  at  least  six.  Henry^  is  quite  explicit  that 
the  preferential  burning  of  carbon  monoxide  in  presence  of  plati- 
num at  150°  to  170°  and  the  preferential  burning  of  hydrogen 
when  the  gases  are  fired  by  the  electric  spark  is  merely  a  question 

•Pogg.  Ann.,  99,  411    (18S6). 
'Phil.  Trans.,  215,  297   (1915). 
"Bunsen:    Ges.  Abh.,  2,  586   (1904). 
•Phil.   Mag.,  65,  277   (1825). 
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of  temperature.  Presumably  Bunsen  and  Landolt  held  the  same 
view  because  they  do  not  comment  on  the  low  temperature  results, 
which  they  probably  would  have  done  had  they  considered  these 
results  abnormal. 

A  new  light  has  been  thrown  upon  the  phenomena  by  Bone^° 
and  his  co-workers.  Bone  was  primarily  interested  in  the  way  in 
which  a  hydro-carbon  burns  in  a  supply  of  oxygen  insufficient  to 
oxidize  it  completely  to  carbon  monoxide  and  steam ;  but,  as  is 
usually  the  case,  the  scope  of  the  investigations  soon  became  much 
broader.  A  mixture  of  oxygen  and  the  gas  to  be  studied  was 
sealed  in  cylindrical  bulbs  of  borosilicate  glass  with  capillary  ends ; 
the  bulbs  were  then  kept  at  constant  temperatures  between  300° 
and  400°  for  several  days  in  an  air  bath  until  the  whole  or  a  part 
of  the  oxygen  had  disappeared.  The  lowest  temperature  at  which 
a  reaction  between  methane  and  oxygen  could  be  observed  after 
the  lapse  of  two  or  three  weeks  was  300°.  At  325°  the  rate  of 
reaction  was  much  greater  and  at  350°  in  some  experiments  the 
whole  of  the  oxygen  disappeared  within  three  or  four  days,  while 
at  400°  the  oxidation  was  always  completed  in  a  single  day. 
Hydrogen  and  oxygen  at  350°  do  not  combine  to  any  appreciable 
extent  within  a  week  or  two,  provided  the  glass  surface  with  which 
the  gases  are  in  contact  remains  perfectly  smooth.  At  400°  the 
formation  of  water  may  be  recognized  within  a  week,  but  hardly 
within  three  days,  whereas  at  this  temperature  the  whole  of  the 
oxygen  reacts  with  methane  within  a  single  day.  Methane  there- 
fore combines  with  oxygen  between  300°  and  400°  with  an  enor- 
mously greater  velocity  than  does  hydrogen  under  the  same  con- 
ditions. In  a  later  paper  Bone^^  says  that  "under  similar  condi- 
tions ethane  burns  much  more  rapidly  than  methane,  and  in 
borosilicate  glass  bulbs  both  hydrocarbons  are  oxidized  at  tem- 
peratures much  below  the  limiting  temperature  (about  400°)  at 
which,  under  similar  conditions,  steam  is  formed  appreciably 
from  electrolytic  gas."  In  a  lecture  before  the  Royal  Institution, 
Bone^^  showed  that  when  mixtures  corresponding  to  CgHj  -j-  2H2 
-j-  O2  and  C2H4  4"  H2  -(-  O2  are  exploded  there  is  no  deposition 
of  carbon  and  only  a  very  slight  formation  of  steam.  The  hydro- 
carbon has  been  burned  to  carbon  monoxide  and  hydrogen,  leaving 

'ojour.  Chem.  Soc,  81,  535   (1902)   et  seq. 
"Jour.  Chem.  Soc,  85,  694  (1904). 
"  Proc.   Roy.   Inst.,   19,  82   (1908). 
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the  hydrogen  of  the  original  mixture  absolutely  untouched  by  the 
oxygen. 

Experiments  on  explosions  in  bombs^^  showed  that  even  at  high 
temperatures  there  is  preferential  burning  of  methane.  Bone 
concludes  from  experiments  with  the  mixture  CH^  -f"  ^Hg  +  Oj 
that  "the  ratio  of  the  affinities  [really  reaction  velocities]  CH4  : 
H2  is  of  the  order  20  or  30  to  1  at  least,  and  probably  higher  if 
the  influence  of  the  walls  of  the  containing  vessel  could  be 
eliminated." 

From  the  experiments  of  Henry,  Landolt,  and  Bone,  we  see 
that  hydrogen  burns  before  methane  at  low  temperatures  in  con- 
tact with  platinum  and  at  high  temperatures  when  the  gases  are 
drawn  ofif  through  a  platinum  tube.  We  see  also  that  methane 
burns  before  hydrogen  at  moderate  temperatures  in  borosilicate 
glass  bulbs  and  also  when  the  gases  are  fired  by  an  electric  spark. 
It  is  quite  clear  that  a  surface  phenomenon  is  an  important  factor 
in  changing  the  results.  In  Henry's  experiments  the  platinum  is 
unquestionably  the  cause  of  the  preferential  burning  of  the  hydro- 
gen and  it  seems  probable  that  this  is  also  true  for  Landolt's 
experiments.  The  existence  of  the  water  gas  equilibrium  with 
hydrogen  as  one  of  the  constituents  is  fairly  strong  evidence  that 
hydrogen  is  more  stable  than  methane.  Bone's  results  may  there- 
fore be  considered  as  approaching  at  high  temperatures  the  results 
due  to  free  burning  away  from  a  surface.  This  is  the  more 
probable  because  he  always  finds  a  greater  relative  oxidation  of 
methane  in  the  larger  bomb  where  the  ratio  of  surface  to  volume 
is  less.  The  existence  of  a  surface  factor  is  also  shown  by  Bone's 
observation  that  about  eighty  percent  combustion  of  hydrogen 
occurs  when  the  mixture  CH^  +  On  +  2H2  is  passed  over 
chamotte"  at  500°.  I  do  not  know  enough  about  the  adsorbing 
properties  of  chamotte  to  know  just  why  it  acts  as  it  does ;  but 
this  is  a  very  striking  reversal. 

Since  we  can  get  almost  complete  preferential  burning  either  of 
hydrogen  or  methane  at  moderate  temperatures,  depending  on  the 
nature  of  the  surface,  it  is  probable  that  a  more  extended  study 
of  different  surfaces  would  give  us  all  the  intermediate  values 

"Bone:    Phil.  Trans.,  215  A,  298  (1915). 
•♦Bone:    Ber.  deutsch.  chem.  Ges.,  46,   12   (1913). 
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for  the  distribution  of  oxygen  between  methane  and  hydrogen 
just  as  Sabatier  and  Mailhe^^  have  found  all  sorts  of  gradations 
between  the  reactions  CH3CH2OH  =  C2H4  +  H2O  and 
CH3CH2OH  =  CH3CHO  and  H2  when  alcohol  is  passed  over 
different  heated  metals  or  oxides.  While  I  have  not  been  able  to 
find  any  definite  studies  along  this  line,  there  are  some  indications 
that  special  results  might  be  obtained  with  special  solids. 

Calvert^^  showed  that  oxygen  adsorbed  by  boxwood  charcoal 
oxidizes  ethylene  to  carbon  dioxide  and  water  at  ordinary  tempera- 
tures. This  is  not  surprising  because  charcoal  adsorbs  ethylene 
strongly.  Since  charcoal  has  little  or  no  effect  in  causing  hydrogen 
and  oxygen  to  combine,  it  is  probable  that  we  should  get  a  prefer- 
ential burning  of  ethylene  in  case  a  mixture  of  ethylene,  hydrogen, 
and  oxygen  were  brought  in  contact  with  charcoal.  While  this 
experiment  seems  not  to  have  been  tried,  we  do  know  that  charcoal 
does  seem  to  promote  oxidation  of  carbon  compounds. 

In  the  form  of  wood  ashes,  charcoal  is  often  used  in  outhouses 
and  elsewhere  to  eliminate  unpleasant  odors.  The  charcoal  first 
adsorbs  the  odoriferous  substances  and  then  accelerates  their 
oxidation,  by  oxygen  which  is  adsorbed  from  the  air.  This  dual 
function  of  the  charcoal  was  pointed  out  clearly  by  Stenhouse^^ 
in  1854. 

It  is  interesting  to  note  that  Bone's  experiments  on  surface 
combustion  led  him  to  the  conclusion  that  adsorption  played  an 
important  part  in  the  phenomenon.  Bone^^  began  by  a  study  of 
the  combination  of  hydrogen  and  oxygen  in  contact  with  hot 
surfaces  of  porcelain,  magnesia,  silver,  gold,  platinum,  nickel, 
calcined  spathic  iron  ore  (containing  79.0  percent  ferric  oxide  and 
14.5  percent  manganous  oxide),  nickelous  oxide,  and  copper  oxide. 
With  each  of  these  surfaces  the  rate  is  proportional  to  the  pressure 
of  the  dry  gas  when  electrolytic  gas  is  used,  is  approximately 
proportional  to  the  partial  pressure  of  hydrogen  when  either  gas 
is  present  in  excess,  and  is  increased  by  a  previous  treatment  with 
hydrogen.  In  the  case  of  porcelain,  Bone  decides  that  "porous 
porcelain  occludes  or  condenses  both  hydrogen  and  oxygen  at  rates 
which  depend  to  some  extent  upon  the  physical  condition  and  past 

"Ann.  Chim.  Phys.   (8),  20,  341    (1910). 
"Jour.  Chem.   Soc,  20,  293   (1867). 
"Pharm.  Jour.,   13,  454  (1854). 
"Phil.  Trans.,  206  A,   1    (1906). 
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history  of  the  surface.  In  general,  however,  whereas  in  the  case 
of  oxygen  the  process  is  extremely  rapid  and  the  surface  layer 
is  soon  saturated,  the  occlusion  of  hydrogen  is  slower  and  the 
limit  of  saturation  much  higher.  Combination  between  the 
occluded  gases  occurs  at  a  rate  either  comparable  with,  or  some- 
what faster  than,  the  rate  at  which  the  film  of  occluded  oxygen  is 
renewed,  but  considerably  faster  than  the  rate  of  occlusion  of 
hydrogen." 

The  behavior  of  magnesium,  "together  with  the  fact  that  the 
material  occludes  hydrogen  but  not  oxygen  at  red  heat,  shows  that 
the  catalytic  action  must  be  referred  to  the  power  of  occluding 
hydrogen."  The  catalytic  action  of  the  four  metals  examined  is 
due  primarily  "to  an  association  of  the  surface  with  hydrogen — 
in  the  case  of  silver  probably  to  the  formation  of  an  unstable 
hydride,  in  the  other  three  cases  to  an  occlusion  of  the  gas.  *  *  * 
The  evidence  in  favor  of  the  'occlusion'  theory  is  particularly 
strong  in  the  case  of  nickel,  where  the  'normal'  condition  of 
activity  can  be  reduced  almost  to  the  vanishing  point  by  prolonged 
exhaustion  at  a  comparatively  low  temperature.  Moreover,  the 
subsequent  recovery  of  activity  can  be  demonstrated  by  circulating 
successive  charges  of  electrolytic  gas  over  the  surface  under  con- 
ditions which  entirely  preclude  any  chemical  action  of  either  of 
the  reacting  gases  on  the  metal."  "Considering  the  results  obtained 
with  the  three  diflferent  reducible  oxides  as  a  whole,  they  seem 
to  be  quite  incompatible  with  any  purely  chemical  explanation  of 
the  catalytic  process.  In  the  case  of  copper  oxide  it  would  appear 
to  involve  the  condensation  of  a  film  of  'active'  oxygen  on  the 
surface,  and  that  this  film  actually  protects  the  catalyzing  oxide 
from  the  attacks  of  the  hydrogen,  which  would  otherwise  reduce 
it  energetically.  At  low  pressures  the  film  becomes  too  attenuated 
to  ensure  complete  protection,  and  in  consequence  the  formation 
of  steam  is  accelerated  by  reason  of  hydrogen  penetrating  through 
onto  the  oxide  and  reducing  it.  In  conformity  with  this  idea,  the 
rate  of  steam  formation  when  the  gases  are  not  present  in  com- 
bining ratios  was  found  to  be  proportional  to  the  partial  pressure 
of  the  oxygen. 

"In  the  cases  of  the  other  reducible  oxides  examined,  the  fact 
that  the  gases  combined  at  moderate  temperatures,  without  per- 
manently altering  the  surface,  and  at  rates  always  far  in  excess 
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of  the  rates  at  which  either  the  surface  was  reduced  by  hydrogen, 
or  the  reduced  surface  re-oxidized,  does  not  harmonize  with  the 
purely  chemical  theory.  It  is  difficult  to  resist  the  conclusion  that 
in  these  cases  also  the  catalytic  action  is  due  primarily  to  a  physical 
condensation  of  one  or  other  of  the  reacting  gases  at  the  surface. 
Since  the  rate  of  combination  was  always  proportional  to  the  par- 
tial pressure  of  the  hydrogen  in  all  experiments  where  the  gases 
were  not  present  in  combining  ratios,  it  would  appear  to  be  the 
hydrpgen  which  is  condensed  and  so  rendered  active." 

The  fact  that  the  catalytic  combustion  depends  on  an  intimate 
contact  of  the  reacting  gases  with  the  surface  is  shown  by  the 
appearance  of  a  piece  of  silver  gauze  before  and  after  it  had 
acted  as  catalytic  agent  for  hydrogen  and  oxygen  at  400°.  The 
wires  were  originally  very  smooth,  but  after  using  they  became 
quite  rough.  Bone"  points  out  that  at  very  high  temperatures 
the  specific  nature  of  the  solid  seems  to  be  relatively  unimportant. 
At  such  temperature  one  would  get  practically  no  displacement  of 
equilibrium  by  the  catalytic  agent  because  the  reaction  in  the  gas 
phase  takes  place  so  rapidly  that  the  final  equilibrium  is  that  of 
the  gas  phase  and  not  that  of  the  catalytic  agent. 

The  general  conclusions  to  be  drawn  from  this  paper  are : 

1.  At  low  temperatures  the  nature  of  the  catalytic  agent  may 
determine  which  of  two  combustible  gases  will  burn  the  more 
rapidly. 

2.  As  might  be  expected,  hydrogen  burns  more  readily  than 
methane  or  ethylene  in  presence  of  platinum. 

3.  From  Landolt's  experiments  the  same  seems  to  be  true  in  the 
flame  provided  a  platinum  tube  is  inserted ;  but  these  experiments 
should  be  repeated. 

4.  In  presence  of  copper  oxide  at  250°  all  the  hydrogen  in  a 
mixture  of  hydrogen  and  methane  can  be  burned  without  any  of 
the  methane  being  decomposed. 

5.  In  presence  of  chamotte  at  500°  hydrogen  burns  much  more 
readily  than  methane.  So  little  is  known  about  the  adsorption  by 
chamotte  that  this  result  could  not  have  been  predicted. 

6.  In  borosilicate  glass  bulbs  at  300°  to  400°  methane,  ethane, 
ethylene,  and  acetylene  are  oxidized  much  more  rapidly  than 
hydrogen  or  carbon  monoxide. 

'»  Ber.  deutsch.  chem.  Ges.,  46,   14   (1913). 
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7.  When  mixtures  of  methane,  oxygen,  and  hydrogen  or  carbon 
monoxide  are  exploded  by  an  electric  spark  the  methane  burns 
much  more  rapidly  than  either  the  hydrogen  or  the  carbon 
monoxide. 

8.  Depending  on  conditions,  either  hydrogen  or  carbon  mon- 
oxide will  burn  the  more  readily. 

9.  Since  charcoal  causes  ethylene  to  be  oxidized  to  carbon 
dioxide  and  water,  and  since  charcoal  has  very  little  effect  on  a 
mixture  of  hydrogen  and  oxygen,  it  is  probable  that  charcoal 
would  cause  preferential  burning  of  ethylene  in  a  mixture  of 
ethylene  and  hydrogen. 

10.  By  suitable  selection  of  the  catalytic  agent  it  should  be  pos- 
sible to  get  all  intermediate  stages  from  complete  burning  of 
methane  to  complete  burning  of  hydrogen. 

11.  Since  relatively  more  methane  was  burned  in  the  explosion 
experiments  the  larger  the  bomb,  it  seems  probable  that  methane 
burns  more  readily  than  hydrogen  at  high  temperatures  and  in  the 
absence  of  solid  catalytic  agents. 

12.  At  very  high  temperatures  the  specific  effect  of  the  solid 
catalytic  agent  must  become  negligible  because  the  reaction  will 
take  place  so  rapidly  in  the  gas  phase  that  the  equilibrium  reached 
will  be  that  of  the  gas  phase  and  not  that  of  the  catalytic  agent. 

Cornell  University. 
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THEORY  OF  CONTACT  CATALYSIS. 

By  Wilder  D.  Bancroft.* 

[Abstract.] 

The  facts  and  the  various  theories  of  catalytic  action  are  re- 
viewed and  discussed  from  the  standpoint  of  adsorption  upon 
the  catalyst  as  the  determining  factor  controlling  catalytic  action. 

This  viewpoint  is  applied  to  the  discussion  of  the  action  of  a 
catalyst  upon  mixtures.  This  is  extended  to  electrolytic  reactions 
in  which  combinations  of  the  solvent  with  the  ions  are  considered. 
The  final  conclusion  is  that  a  solid  catalytic  agent  is  equivalent 
to  a  solvent,  and  therefore  may  displace  the  equilibrium  of  the 
system. 


A  change  in  the  nature  of  the  cathode  metal  will  often  have  a 
marked  effect  on  the  nature  of  the  products  of  electrolysis.  Typi- 
cal instances  are  the  reduction  of  nitrobenzene  to  aniline  with 
a  copper  cathode  and  of  nitric  acid  to  hydroxylamine  with  a  mer- 
cury cathode.  Since  these  differences  are  due  to  contact  catal- 
ysis, a  discussion  of  the  general  theory  may  be  of  interest,  even 
though  most  of  the  applications  are  not  electrochemical  in  nature. 

For  a  solid  to  act  catalytically  it  must  adsorb  one  or  more  of 
the  reacting  substances,  thereby  increasing  the  concentration  at  the 
surface.  This  increased  concentration  will  necessarily  cause  an 
increase  in  the  reaction  velocity  quite  apart  from  any  special  cata- 
lytic action  which  the  solid  may  exert.  I'here  may  be  catalytic 
action  in  all  cases ;  but  there  must  be  in  some,  so  it  will  be  better 
to  consider  a  few  cases  in  which  the  results  may  perhaps  be  due 
solely  to  increase  of  concentration,  and  v/e  can  then  take  up  the 
more  interesting  cases  in  which  catalysis  must  occur. 

*  Professor  of  Chemistry,   Cornell  University. 
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Dobereiner  showed  that  when  hydrogen  is  allowed  to  pass  over 
spongy  platinum  in  presence  of  air,  the  hydrogen  takes  fire.  So 
far  as  I  know,  nobody  has  ever  compressed  oxyhydrogen  gas 
so  that  it  occupied  the  volume  of  liquid  water.  If  no  combination 
took  place  under  these  circumstances,  it  would  be  necessary  to 
ascribe  a  special  catalytic  action  to  the  platinum.  Until  that  ex- 
periment is  tried,  it  is  possible  that  the  adsorbed  hydrogen  reacts 
with  the  adsorbed  oxygen  or  with  platinum  hydroxide  by  virtue 
of  the  increase  in  concentration.  In  the  case  of  SO2  and  O2, 
HempeP  obtained  a  yield  of  65  percent  SO3  without  any  catalytic 
agent  by  working  at  a  pressure  of  30-40  atmospheres.  On  the 
other  hand  the  fact  that  charcoal  has  practically  no  effect  in 
causing  hydrogen  and  oxygen  to  combine  indicates  that  some 
other  factor  is  important  in  addition  to  increased  surface  concen- 
tration. The  enormous  effect  of  change  of  concentration  is  shown 
clearly  in  the  experiments  of  Berthelot  and  Pean  de  St.  Gilles 
on  the  ester  formation.  At  the  same  temperature  the  reaction 
between  liquid  alcohol  and  liquid  acid  takes  place  about  one  thou- 
sand times  as  fast  as  the  reaction  between  gaseous  alcohol  and 
gaseous  acid.- 

The  more  interesting  cases  of  contact  catalysis  are  those  in 
which  we  know  that  some  other  factor  enters  besides  that  of  in- 
creased concentration.  If  a  given  substance  decomposes  in  one 
way  in  presence  of  one  catalytic  agent  and  in  another  way  in  the 
presence  of  another  catalytic  agent,  the  difference  in  the  reaction 
products  cannot  be  explained  on  the  hypothesis  of  increased  sur- 
face concentration.  Since  we  have  selective  adsorption  from  a 
gaseous  mixture,  we  may  also  have  selective  adsorption  of  the 
reaction  products,  and  this  may  cause  one  reaction  to  predominate 
at  the  expense  of  another.  It  is  usually  assumed  that  a  catalytic 
agent  cannot  displace  the  equilibrium ;  but  when  people  take  this 
ground  they  are  almost  invariably  considering  cases  where  the 
reaction  takes  place  with  measurable  velocity  in  absence  of  the 
catalytic  agent,  though  they  are  not  right  under  these  conditions 
because  they  do  not  consider  the  possibility  of  a  solvent  acting 
as  a  catalytic  agent. 

1  Ber.  deutsch.  chem.   Ges..   23.   1455    (1890). 
^Ostwald:     Zeit.    Elektiocliemie,   7,    1002    (1901). 
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Whether  a  solvent  can  be  considered  as  a  catalytic  agent  or  not 
depends  on  the  definition  of  a  catalytic  agent.  .  Ostwald''  says 
that  "when  a  substance  by  its  mere  presence  alters  the  velocity 
of  a  reaction,  and  may  be  recovered  unaltered  in  nature  or  amount 
at  the  end,  it  is  called  a  catalytic  agent  or  catalyzer,  and  the  phe- 
nomenon is  called  catalysis."  Nernst's  definition*  is  practically 
identical,  being  based  on  Ostwald's.  Catalysis  "means  an  increase 
in  velocity  of  reaction  caused  by  the  presence  of  substances  which 
do  not  take  part  in  it  (or  only  to  a  secondary  extent),  although 
the  reaction  is  capable  of  taking  place  without  their  presence." 
Since  a  solvent  changes  the  reaction  velocity  without  necessarily 
taking  part  in  the  reaction,  a  solvent  may  be  considered  as  a  cata- 
lytic agent.     This  is  recognized  explicitly  by  Ostwald.^ 

"Catalysis,  as  just  defined,  is  an  uncommonly  widespread  phe- 
nomenon, which  actually  occurs  in  all  cases  in  which  the  rate  of 
a  chemical  reaction  can  be  measured.  A  splendid  example  of 
this  is  to  be  found  in  the  well-known  experiments  of  Menschutkin. 
For  a  number  of  different  reactions  he  has  proved  that  the  reac- 
tion velocity  may  vary  within  wide  limits  depending  on  the  solvent 
used.  We  must  therefore  call  these  actions  of  the  solvents  cata- 
lytic actions.  This  characterization  does  not,  of  course,  exclude 
the  possibility  that  it  may  be  shown  that  compounds  are  formed 
between  the  solvents  and  the  reagents  so  that  the  changes  in  re- 
action velocity  can  be  referred  to  changes  in  the  active  masses. 
All  intermediate  stages  can  be  found  between  cases  like  these  and 
cases  in  which  a  very  small  amount  of  an  added  substance  changes 
the  reaction  velocity  very  much.  This  latter  class  of  cases  is  the 
only  one  that  hitherto  has  been  considered  as  catalysis ;  but  the 
difference  is  merely  a  quantitative  one,  and  it  is  improper,  when 
studying  these  things  systematically,  to  exclude  those  cases  in 
which  the  acceleration  is  relatively  small." 

Bigelow®  says  practically  the  same  thing  in  somewhat  different 
words.  "Instances  of  catalysis  may  be  multiplied  almost  without 
number.  A  given  reaction  occurs  at  dififerent  rates  in  different 
solvents.    The  solvent  remains  unaltered  at  the  end  of  the  reac- 

'  Zeit.    Elektrochcmie,   7,   998    (1901);    Lehrbuch    allgem.    Chem.,   2,    II.    248    (190?). 

Quoted  from  Bigelow:    Theoretical  and  Physical  Chemistry,  365   (1912). 
*Nernst:     Theoretical   Chemistry,   590,   616    (1916). 
'  Zeit.  Elektrochemie,  7,  998   (1901). 
'Theoretical  and  Physical   Chemistry,   366    (1912). 
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tion  and  hence  all  the  effects  must  be  reckoned  with  catalytic 
actions.    Menschutkin^  measured  the  velocity  of  the  reaction, 

N(C,H,)3  +  C,HJ  =  N(C,H,)  J 

in  a  variety  of  solvents.  In  hexane  the  velocity  constant,  k,  had 
the  value  0.000180;  in  heptane,  0.000235;  in  benzene,  0.00584; 
in  ethyl  alcohol,  0.0433  ;  in  benzyl  alcohol,  0.133  ;  and  intermediate 
values  in  other  solvents.  The  velocity  is  nearly  one  thousand 
times  as  great  in  benzyl  alcohol  as  in  hexane. 

"The  difference  in  velocity  of  the  above  reaction  in  hexane  and 
heptane  is  but  slight,  though  the  quantity  of  the  catalytic  agent 
is  large,  it  being  the  solvent.  The  most  fascinating  instances  of 
catalysis  are  those  in  which  small  traces  of  the  catalyzer  produce 
great  effects,  and  we  are  rather  too  apt  to  assume  that  these  alone 
are  instances  of  catalysis.  Some  of  the  quantitative  measure- 
ments are  indeed  striking.  For  instance,  Bredig,^  studying  the 
increased  velocity  with  which  hydrogen  peroxide  decomposes  in 
the  presence  of  colloidal  platinum,  was  able  to  detect  such  increase 
when  the  concentration  of  the  platinum  was  but  one  seventy- 
millionth  of  a  symbol  weight  per  liter.  Again  Titoff"  found  that 
the  velocity  with  which  sodium  sulphite  was  oxidized  was  in- 
creased 30  percent  by  the  presence  of  one-thousandth  of  a  for- 
mula weight  in  grams  of  copper  sulphate  per  liter." 

The  effect  of  the  solvent  on  the  rate  of  decomposition  of 
xanthogenic  acid  into  carbon  bisulphide  and  alcohol  has  been 
studied  by  von  Halban  and  Kirsch.^*^    The  reaction  may  be  written 

HSSCOC2H3  =  CSo  +  QH.OH. 

If  the  reaction  velocity  constant  for  carbon  bisulphide  as  solvent 
be  taken  as  unity,  we  get  the  following  values  at  25° :  Carbon 
bisulphide,  1.00;  ligroin  (hexane),  1.50;  chloroform,  3.64;  ben- 
zene, 5.15;  nitrobenzene,  315;  ether,  485;  acetone,  25,980;  alco- 
hol, 1,000,000.  In  other  words,  the  decomposition  takes  place  a 
million  times  as  rapidly  in  alcohol  as  in  carbon  bisulphide,  the  two 
decomposition  products. 

TZeit.  phys.   Chem.,  6,   41    (1890). 
•  Ibid.,  31,  258  (1899). 
»Ibid.,  45,  641    (igo.^. 
^ojbid.,  82,  325  (1913).  '  'il 
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It  is  well  known  that  a  solvent  may  displace  equilibrium.  Cun- 
dalP^  has  made  a  quantitative  colorimetric  study  of  solutions  of 
N2O4  in  different  solvents  at  concentrations  of  nearly  3  grams 
N2O4  per  100  cc.  Ostwald's  calculations^^  of  these  data  are  given 
in  Table  I.  The  percentage  dissociation  varies  for  the  extreme 
cases  in  the  ratio  of  about  one  to  six.  The  dissociation  in  the 
vapor  would  be  much  greater  for  the  same  concentrations  than 
in  any  of  the  liquids,  for  Ostwald  calculates  that  the  dissociation 

Table  I. 
Dissociation  of  NoO^  in  Solution. 


Liters  per 

Mol. 

Percentage  Dissociation 

Solvent 

10° 

20° 

30* 

Chloroform    

Methyl  chloride 

3.36 
3.39 
3.48 
3.45 
3.13 
3.33 
3.40 
3.22 
3.39 
2.93 
3.34 
3.34 
3.20 
3.25 

0.36 
0.29 
0.46 
0.20 
0.32 
0.22 
0.30 
0.31 
0.23 
0.33 
0.37 
0.71 
0.57 
0.11 

0.68 
0.56 
0.82 
0.41 
0.60 
0.43 
0.56 
0.55 
0.52 
0.63 
0.59 
1.22 
1.05 
0.22 

1.24 
1.06 

Carbon  tetrachloride  

Ethylene  chloride  

Ethylidene  chloride  

Benzene   

1.43 
0.70 
1.09 
0.80 

Chlorobenzene   

0.99 

Brombenzene   

0.94 

Bromoform 

0.98 

Ethyl  bromide   

1.14 

Ethylene  bromide  

SiHcon  tetrachloride 

Carbon  bisulphide 

Acetic  acid 

0.95 
2.43 
1.79 
0.40 

constant  for  the  gas  is  about  one  hundred  times  that  for  nitrogen 
peroxide  in  chloroform  at  20°  and  about  four  hundred  times  that 
for  nitrogen  peroxide  in  chloroform  at  10°.  No  actual  measure- 
ments have  been  made  on  nitrogen  peroxide  vapor  at  the  corre- 
sponding pressures  of  6-7  atmospheres. 

An  even  more  striking  case  is  that  of  hydrochloric  acid  and 
water,  where  there  are  practically  no  ions  in  the  vapor  phase  and 
the  hydrochloric  acid  is  highly  dissociated  in  the  liquid  phase. 
As  Nernst^^  points  out,  "the  assumption  that  water  has  an  excep- 
tional power  of  causing  dissolved  substances  to  dissociate  elec- 

"  Jour.  Chem.  Soc,  59,  1076  (1899);  67,  794  (1895). 
"Ostwald:    Lehrbuch  allgem.  Chemie,  2,  II,  602   (1892). 
"Zeit.  phys.  Chem.,  8,   139   (1891). 
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trolytically  can  be  replaced  by  another  that  the  solubility  coeffi- 
cient of  ions  in  water  is  exceptionally  large.  Possibly  this  latter 
assumption  may  seem  less  abhorrent  to  some  than  the  first  one ; 
but  the  one  is  merely  another  way  of  wording  the  other."  The 
general  efi:ect'of  the  solvent  in  displacing  equilibrium  is  to  cause 
a  greater  relative  formation  of  the  system  which  is  the  more 
soluble  in  the  solvent. 

In  the  case  of  nitrogen  peroxide  and  a  solvent,  we  get  one 
equilibrium  in  the  vapor  and  another  equilibrium  in  the  solution ; 
but  if  we  had  a  hypothetical  case  in  which  the  reaction  took  place 
immeasurably  slowly  in  the  vapor  phase  and  relatively  rapidly 
in  the  solution,  the  equilibrium  in  the  vapor  would  be  reached 
only  by  volatilization  from  the  solution,  and  this  might  give  rise 
to  some  rather  interesting  results.  Something  similar  to  this  has 
been  suggested  by  Bredig  and  discussed  by  Ostwald.^*  "Let  us 
imagine  that  a  portion  of  a  gaseous  system  is  converted  at  the 
same  temperature  into  the  liquid  state  or  is  given  a  density  com- 
parable with  that  of  the  liquid  state.  The  reaction  will  take  place 
rapidly  in  this  portion  and  the  liquefied  reacting  substances  will 
change  into  the  corresponding  reaction  products.  If  the  cause 
for  the  liquefaction  or  for  the  increase  in  density  is  such  that 
more  of  the  reacting  substances  are  liquefied  or  given  an  increased 
density  as  fast  as  the  preceding  portions  have  reacted,  these  would 
react  rapidly  and  the  process  would  be  repeated,  with  the  result 
that  we  have  an  accelerated  reaction.  Such  an  action  of  platinum 
on  gases  is  quite  conceivable.  I  do  not  mean  by  this  to  say  that 
this  is  the  way  that  platinum  catalyses  actually  occur,  but  merely 
to  point  out  a  possible  way  in  which  they  might  occur.  This 
would  then  be  the  simplest  case  of  the  accelerating  intermediate 
reactions  to  which  I  have  previously  referred. 

"Professor  Bredig  has  recently  pointed  out  to  me  that  the 
mechanism  of  such  an  acceleration  becomes  intelligible  if  we  con- 
sider a  liquid  medium  in  which  is  suspended  a  small  drop  of  a 
second  liquid.  If  this  suspended  liquid  has  the  property  of  mak- 
ing the  substances  dissolved  in  it  react  more  rapidly  than  in  the 
main  mass,  the  bulk  of  the  reaction  will  take  place  there.  The 
reaction  products  will  diffuse  into  the  outer  liquid  and  new  por- 
tions of  the  reacting  substances  will  diffuse  into  the  drop.     In 

"Zeit.   Elektrochemie,  7,   1002   (1901). 
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this  way  practically  all  of  the  reacting  substances  will  diffuse  into 
the  suspended  liquid  and  will  react  there,  the  result  being  an 
acceleration  of  the  reaction. 

"According  to  Bredig,  what  has  been  outlined  here  may  per- 
haps be  applicable  to  the  case  where  the  catalytic  agent  is  present 
in  the  colloidal  state  in  the  liquid.  It  is  known  that  Professor 
Bredig  and  his  pupils  in  a  series  of  splendid  investigations  have 
shown  and  measured  the  manifold  and  energetic  catalytic  actions 
due  to  colloidal  platinum  and  other  colloidal  metals  prepared  by 
the  Bredig  process.  He  has  also  emphasized  repeatedly  that  the 
enzymes,  those  natural  and  very  effective  catalytic  agents,  are 
also  always  in  a  state  of  colloidal  solution  or  suspension. 

"These  considerations  have  no  claim  to  being  anything  more 
than  suggestions  which  can  be. tested  experimentally.  I  cannot 
refrain  from  pointing  out  that  it  has  only  been  possible  to  make 
suggestions  which  can  be  tested  scientifically,  since  we  adopted 
the  conception  of  a  catalytic  agent  being  an  accelerator.  Let  one 
just  try  to  do  anything  like  this  on  the  assumption  of  molecular 
vibrations." 

The  same  matter  has  been  discussed  by  Hober.^^  "When  ethyl 
acetate  is  dissolved  in  benzene,  it  does  not  change  perceptibly  with 
time.^®  If  one  adds  an  aqueous  acid  solution  as  a  ferment,  the 
catalytic  decomposition  takes  place.  Bredig,^"  who  first  developed 
the  point  of  view,  devised  the  following  artificial  enzyme  action. 
When  tri-ethylamine  is  added  to  a  solution  of  methyl  acetate  in 
benzene  at  25°,  the  base  does  not  saponify  the  ester  under  these 
conditions.  If  one  forms  an  emulsion  by  shaking  the  mixture 
with  2.5  percent  water,  the  base  and  the  ester  dissolve  freely  in 
the  water  as  the  better  solvent  and  the  ester  is  saponified  rapidly 
by  the  base,  which  is  highly  dissociated  in  water.  The  drops  of 
water  therefore  act  as  an  enzyme,  increasing  the  reaction  velocity 
without  themselves  taking  part  appreciably  in  the  reaction.  In 
this  way  we  gain  a  conception  of  the  way  in  which  catalytic 
agents  act,  which  is  quite  different  from  the  ordinary  point  of 
view.  The  enzyme  does  not  combine  with  the  substrate  to  form 
an  intermediate  product  in  an  intermediate  reaction,  but  owes 
its  catalytic  action  to  its  being  a  better  reaction  medium." 

"  Physikalische  Chemie   der  Zelle  und   der  Gewebe,   4th   Ed.,   703    (1914). 
"  [It  is  not  clear   from  this  statement  what  reaction   Hober   has  in   mind.] 
"  Anorganische   Fermente,  92    (1901). 
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Neither  Ostwald  nor  Bredig  has  drawn  the  important  corollary 
that  the  equilibrium  will  be  determined  primarily  by  the  solvent 
in  which  the  reaction  takes  place  and  that  it  is  therefore  theoreti- 
cally possible  to  obtain  one  set  of  reaction  products  with  one 
liquid  as  catalytic  agent  and  another  set  of  reaction  products  with 
another  liquid  as  catalytic  agent. 

If  we  consider  a  solid  catalytic  agent  as  equivalent  to  a  drop 
of  liquid,  as  suggested  by  Bredig,  and  the  formation  of  an  adsorp- 
tion film  as  equivalent  for  our  purposes  to  solution,  it  becomes 
possible  theoretically  to  get  different  reaction  products  with  dif- 
ferent solid  catalytic  agents,  just  as  it  is  possible  theoretically  to 
get  different  reaction  products  with  different  solvents.  If  we 
have  a  reaction  which  takes  place  extremely  slowly  in  the  vapor 
phase  and  relatively  rapidly  in  or  at  the  surface  of  a  solid  cata- 
lytic agent,  we  shall  get  the  equilibrium  in  or  at  the  surface  which 
corresponds  to  that  solid  catalytic  agent  hypothetically  as  equiva- 
lent to  a  solvent.  This  equilibrium  will  not  necessarily  be  the 
same  as  the  theoretical  equilibrium  in  the  vapor  phase  any  more 
than  the  dissociation  of  nitrogen  peroxide  in  chloroform  solution 
is  the  same  as  the  dissociation  of  nitrogen  peroxide  in  the  vapor 
phase.  When  the  reaction  products  diffuse  from  the  surface  of 
the  solid  catalytic  agent  into  the  vapor  phase,  they  do  not  react 
in  measurable  time  by  definition,  and  consequently  we  get  in  the 
vapor  phase  an  apparent  equilibrium  corresponding  to  that  at  the 
surface  of  the  solid  catalytic  agent,  and  therefore  varying  per- 
haps with  different  solid  catalytic  agents.^* 

The  conception  of  a  solid  catalytic  agent  as  being  equivalent 
to  a  drop  or  film  of  liquid  is  due  originally  to  Bredig"  and  has 
also  been  made  use  of  by  Bodenstein,-"  who  considers  the  react- 
ing substances  as  actually  dissolved  in  the  platinum  instead  of 
adsorbed  at  the  surface.  In  so  far  as  the  platinum  is  actually  a 
solvent  and  not  merely  equivalent  to  a  solvent,  the  possibility  of 
an  apparent  displacement  of  equilibrium  is  beyond  question  and 
the  alleged  violation  of  the  second  law  of  thermo-dynamics  be- 
comes an  imaginary  one. 

We  have  now  to  consider  what  the  direction  of  the  reaction 
will  be  when  several  reactions  are  possible.     We  have  already 

"  Cf.   Bancroft:    Jour.  Pliys.   Chem.,   12,   138    (1908). 
"Zeit.   Elektrochemie,   7,   1002   (1901). 
»Zeit.   phys.   Chem.,  46,   736   (1903). 
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seen  that  the  solvent  displaces  the  equilibrium  so  that  the  ratio 
of  the  more  soluble  system  to  the  less  soluble  system  in  the  solu- 
tion is  increased.  This  can  be  put  in  a  more  general  form  which 
covers  all  cases  by  saying  that  there  is  a  relative  increase  in  the 
amount  of  the  system  the  chemical  potential  of  which  is  decreased 
relatively  by  the  medium.-^  If  one  treats  a  substance  with  a  de- 
hydrating agent,  the  tendency  of  the  substance  to  split  off  water 
is  increased.  A  very  interesting  case  coming  under  this  general 
head  is  the  decomposition  of  hydrazine  in  hot  aqueous  solution 
in  presence  of  platinum. ^^  Hydrazine  may  decompose  in  three 
different  ways  according  to  the  reactions, 

6N2H,  =  8NH3  4-  2N2 
6N,H,  =  6NH3  -j-  3N2  -I-,  2H2 
6N2H,  =  4NH3  +  4N2  H-,  6H2 

The  first  reaction  is  the  chief  one  when  starting  with  hydrazine 
sulphate ;  the  second  one  predominates  when  starting  with  free 
hydrazine ;  while  the  third  one  comes  to  the  front  in  an  alkaline 
hydrazine  solution.  There  is  more  ammonia  formed,  the  more 
acid  the  solution  is.  This  illustration  is  given  as  being  both  typi- 
cal and  simple.  Tanatar-^  found  that  a  hot  alkaline  solution  of 
hydroxylamine  decomposed  chiefly  according  to  the  equation 
3NH2OH  —  NH3  +  N,  -f  3H2O,  while  the  same  solution  in 
presence  of  platinum  decomposed  according  to  the  equation 
4NH2OH  =  2NH3  -f-  N2O  -f  3H2O.  The  change  in  the  course 
of  the  reaction  is  due  to  the  addition  of  the  solid  catalytic  agent 
and  not  to  any  change  in  the  alkalinity  or  acidity.  Tanatar  con- 
siders that  part  of  the  hydroxylamine  oxidizes  the  platinum  to 
an  unspecified  oxide,  being  itself  reduced  to  ammonia,  while  the 
platinum  oxide  then  oxidizes  another  portion  of  the  hydroxyla- 
mine to  nitrous  oxide.  This  explanation  seems  absolutely  impos- 
sible, and  it  will  probably  be  wise  not  to  offer  any  explanation 
for  this  case  until  more  is  known  about  the  adsorption  of  nitrous 
oxide  by  platinum. 

We  are  now  in  a  position  to  predict  that,  when  we  are  dealing 
with  something  more  than  a  mere  increase  in  concentration,  we 

^Cf.  Miller:    Jour.  Phys.  Chem.,   1,  636  (1897). 
"Tanatar:    Zeit.  phys.  Chem..  40,  475;  41,  37  (1902). 
=»Zeit.  phys.  Chem.,  40,  475  (1902). 
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may  get  different  results  with  different  catalytic  agents.  Under 
these  circumstances  the  nature  of  the  reaction  will  be  determined 
by  the  specific  adsorption  of  the  reaction  products  by  the  cata- 
lytic agent  in  question. 

When  heated  in  presence  of  certain  catalytic  agents  alcohol 
may  be  decomposed  into  aldehyde  and  hydrogen  or  into  ethylene 
and  water,  to  take  two  instances.  We  should  expect  catalytic 
agents  which  adsorb  hydrogen  strongly  to  cause  the  splitting  to 
aldehyde  and  hydrogen,  while  catalytic  agents  which  adsorb  water 
readily  should  promote  the  decomposition  into  ethylene  and  water. 
As  a  matter  of  fact  alcohol  is  decomposed  nearly  quantitatively 
into  aldehyde  and  hydrogen  when  passed  over  heated  nickel,  which 
adsorbs  hydrogen."*  It  is  decomposed  nearly  quantitatively  into 
ethylene  and  water  when  passed  over  heated  alumina,-^  which 
must  therefore  adsorb  water.  Johnson-*^  has  shown  that  up  to  a 
certain  point  alumina  adsorbs  water  so  completely  that  phosphorus 
pentoxide  takes  no  more  out.  When  titanium  oxide  is  used  as 
the  catalytic  agent,  both  reactions  take  place  simultaneously,  and 
a  yield  of  84  percent  ethylene  and  16  percent  hydrogen  can  be 
obtained  under  certain  conditions.  This  would  seem  to  imply 
that  titanium  oxide  adsorbs  both  water  and  hydrogen.  This  was 
proved  indirectly  by  Mr.  Engelder  in  the  Cornell  laboratory. 
When  aqueous  alcohol  is  passed  over  titanium  oxide,  the  water 
vapor  cuts  down  the  reaction  which  produces  water  and  conse- 
quently the  relative  yield  of  acetaldehyde  is  increased  over  that 
obtained  from  absolute  alcohol.  When  hydrogen  is  mixed  with 
the  alcohol  vapor  the  relative  amount  of  ethylene  is  increased. 
A  somewhat  similar  result  appears  to  have  been  obtained  uncon- 
sciously by  Berthelot"^  nearly  fifty  years  ago.  He  heated  formic 
acid  at  260°  without  any  specified  catalytic  agent  and  found  that 
when  only  a  third  of  the  formic  acid  is  decomposed  the  reaction 
appears  to  be  HCOoH  =  CO  +  H2O.  If  all  the  formic  acid 
is  decomposed,  the  reaction  is  approximately  2HCO2H  =  CO  -|- 
H„0  +  CO,  -\-  Ho.  This  unexpected  result  can  only  be  true 
in  case  the  reaction  HCO2H  =  CO.  +H2  predominates  during 

"  Sabatier  and   Senderens:     Comptes  rendus,    136,   738,   921,   936,   983    (1903). 
"Ipatieff:     Ber.   deutsch.   chem.   Ges.,   34,   3579    (1901);   35,    1047,    1057    (1902);   36, 
1990,  2003,  2014,  2016   (1903). 

"Jour.  Am.  Chem.  Soc,  34.  911   (1912). 
"Ann.  Chim.   Phys.    (4),   18,  42   (1869). 
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the  latter  part  of  the  decomposition,  and  this  can  happen  only 
in  case  the  original  decomposition  products  check  the  initial  reac- 
tion and  thus  permit  the  second  reaction  to  come  to  the  fore. 
It  was  this  unexplained  observation  by  Berthelot  which  gave  me 
the  clue  to  the  present  theory  of  contact  catalysis. 

When  acetaldehyde  and  excess  of  hydrogen  are  passed  over 
suitably  heated  nickel,  the  reaction  is  reversed  and  alcohol  is 
formed.  Similarly  benzene  and  an  excess  of  hydrogen  forms 
cyclohexane  in  presence  of  nickel  and  nickel  splits  cyclohexane 
into  benzene  and  hydrogen.-^  We  can  even  go  one  step  farther 
and  can  convert  either  benzene  or  cyclohexane  into  methane  by 
treating  with  nickel  and  a  sufficient  excess  of  hydrogen.  Zelin- 
sky-°  has  shown  that  palladium  will  split  cyclohexane  into  ben- 
zene and  hydrogen  or  will  reverse  the  reaction  under  different 
conditions.  Since  the  temperatures  are  different  with  palladium 
and  with  nickel,  it  is  evident  that  we  have  a  true  displacement 
of  equilibrium  though  no  quantitative  study  has  yet  been  made. 
Wilstatter  and  Hatt"°  have  shown  that  when  benzene  is  dissolved 
in  cold  acetic  acid  it  can  be  converted  into  cyclohexane  by  the 
action  of  hydrogen  in  the  presence  of  platinum  black. 

It  is  interesting  to  note  that  Jellinek"^  claims  to  have  obtained 
more  ammonia  than  corresponds  to  equilibrium  conditions  by 
heating  nitrogen  and  hydrogen  in  presence  of  iron  as  catalytic 
agent.  He  points  out  that  iron  adsorbs  ammonia  very  markedly. 
It  is  therefore  theoretically  possible  that  his  data  are  correct, 
though  they  would  have  to  be  repeated  before  one  v.^ould  dare  to 
lay  much  stress  on  them.  Miiller"-  electrolyzed  a  normal  potas- 
sium nitrate  solution  using  a  porous  diaphragm,  a  platinum  anode 
2  cm.  X  5  cm.  and  a  cathode  of  the  same  size,  made  of  platinum, 
iron,  or  zinc.  The  cathode  solution  was  stirred  by  a  current  of 
hydrogen.  A  current  of  one  ampere  was  sent  through  the  cell 
for  three  hours.  In  Table  II  are  given  the  metal  used  as  cathode, 
the  voltage  drop  at  the  terminals,  and  the  amount  of  ammonia 
formed. 

2' Sabatier  and  Senderens:    Ann.   Chim.   Phys.    (8)   4,   336,   361    (1905). 

2»  Ber.   deutsch.  chem.    Ges.,  44,   3121    (1911). 

''o  Ibid.,  45,   1471    (1912);   Cf.  Willard:    Ibid..  45,   2615    (1912). 

'>  Zeit.   anorg.   Chem.,   71,   121    (1911). 

^-Ibid.,   26,   43    (1901). 
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Table  II. 


Cathode  Metal 

Voltage  Drop 

Grams  Ammonii 

Smooth  platinum 

Iron 

Zinc    

4.8 
4.4 
4.5 

0.0416 
0.1894 
0.1210 

Miiller  himself  comments  on  the  fact  that  most  ammonia  was 
formed  at  the  iron  cathode,  although  the  voltage  drop  was  lowest 
in  this  case.  It  is  probable,  though  not  proved,  that  this  is 
a  catalytic  action  of  the  iron  cathode  and  dependent  on  the  ad- 
sorption of  ammonia  by  iron. 

The  catalytic  setting  free  of  hydrogen  has  been  studied  by 
Sieverts''^  for  the  case  of  hypophosphorous  acid.  In  aqueous  solu- 
tions platinum,  silver,  and  copper  cause  hypophosphorous  acid 
and  phosphorous  acid  to  split  ofif  hydrogen,  the  final  products 
being  phosphorous  acid  and  orthophosphoric  acid  respectively, 
while  the  intermediate  products  are  presumably  metaphosphorous 
acid  and  metaphosphoric  acid  respectively.  The  reactions  may 
be  written 

H3PO2  +  H,0  =  HPO3  +  H2O  +  H,  =  H3PO3  +  Hg. 
H3PO3  +  H,0  =  HPO3  +  H2O  +  H^  =  H3PO,  +  H2. 

It  is  the  natural  thing  to  do  to  consider  the  production  of 
formaldehyde  from  methyl  alcohol  in  presence  of  platinum  as  a 
plain  case  of  limited  oxidation  of  methyl  alcohol ;  but  there  seems 
now  to  be  no  question  but  that  the  real  reaction^*  is  undoubtedly 
a  catalytic  splitting  of  methyl  alcohol  into  formaldehyde  and 
hydrogen,  the  nascent  hydrogen  then  reacting  with  oxygen,  which 
latter  therefore  really  acts  as  a  depolarizer.  It  is  probable,  though 
not  proved,  that  the  oxidation  of  alcohol  to  acetaldehyde  by 
osmium  tetroxide^^  may  involve  a  catalytic  dissociation  as  a  first 
step. 

An  interesting  case  of  the  splitting-ofif  of  hydrogen  is  the  con- 
version of  alcohol  into  acetic  acid  by  means  of  hot  soda-lime. 

»'Zei.t.  anorg.  Chem.,  64,  59  (1909);  76,  1   (1912);  Zeit.  phys.  Chem.,  91,  199  (1916). 
"*  Cf.  LeBlanc  and  Plaschke:    Zeit.  Elektrochemie,   17,   471    (1911). 
'^Hofmann:     Ber.   deutsch.  chem.   Ges.,   46,   1657,   2854    (1913). 
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The  reaction  is  usually  written  CHgCHoOH  +  NaOH  = 
CHgCOoNa  +  2H2 ;  but  Mr.  Carroll  has  found  that  the  reaction 
takes  place  in  several  stages : 

CH3CI-LOH  -f-  NaOH  =  CH3CHO  4-  NaOH  +  H^  == 
CH3CO  +  NaOH  +  2H2  =  CH3C02Na  +  2H,. 

The  caustic  soda  is  the  catalytic  agent  and  the  lime  is  practically 
inert  at  the  temperatures  in  question. 

The  catalytic  action  of  caustic  alkalies  accounts  for  the  fact 
that  hydrogen  is  so  often  evolved  when  organic  compounds  are 
fused  with  alkalies.^®  Thus  oleic  acid  reacts  with  fused  caustic 
potash  to  form  potassium  palmitate,  potassium  acetate,  and  hydro- 
gen'^" according  to  the  equation 

Ci,H33C02H  +  2KOH  =  Ci^Hg.CO.K  +  CHgCOoK  +  H,. 

In  order  to  cut  down  the  reducing  action  of  the  nascent  hydrogen 
it  may  even  be  necessary  to  add  an  oxidizing  agent,  as  in  the 
production  of  alizarine  from  anthraquinone  sulphonic  acid. 

It  hardly  seems  probable  that  this  evolution  of  hydrogen  should 
depend  on  the  organic  substance  forming  a  second  liquid  layer 
with  fused  alkali,  and  yet,  if  not,  we  pass  direct  from  catalytic 
action  in  heterogeneous  systems  to  catalysis  in  homogeneous  sys- 
tems. In  presence  of  cuprous  oxide  and  alkali,  formaldehyde 
gives  off  hydrogen-''^  according  to  the  equation  HCHO  -|-  NaOH 
=  HCOgNa  -|-  Ho.  This  is  clearly  a  catalytic  splitting-off  of 
hydrogen  in  presence  of  cuprous  oxide.  If  we  leave  out  the 
cuprous  oxide  the  reaction  becomes  2HCHO  -\-  NaOH  = 
HCOaNa  -f  CH3OH.  This  is  usually  described  as  simultaneous 
oxidation  and  reduction,  but  it  is  really  a  case  of  dissociation, 
the  nascent  hydrogen  reducing  some  of  the  formaldehyde  to 
methyl  alcohol.  If  we  have  present  a  substance  which  is  reduced 
more  readily  than  formaldehyde,  such  as  sodium  peroxide,  the 
reaction  is  of  course  slightly  different^®  and  may  be  written : 

2HCHO  H-  Na^Os  =  2HC02Na  -f  H„0  -f  H^. 

One  does  not  like  to  talk  about  adsorption  in  homogeneous  sys- 
tems, and  I  think  it  would  be  undesirable  to  try  to   formulate 

"  Lassar-Cohn:    Arbeitsmethoden   fur  organisch-chemische  Laboratorien,   264    (1903). 

"  Varrentrapp:    Liebig's  Ann.,  35,   196    (1840). 

"Loew:     Ber.   deutsch.   chem.   Ges.,   20.    144    (1887). 

»»  Frankforter  and  West:    Jour.  Am.   Chem.   Soc,   27,   714    (190S). 
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now  a  theory  of  catalysis  in  homogeneous  systems.  I  do  wish, 
however,  to  call  attention  to  part  of  what  Nernst  says  about 
electro-striction  of  free  ions/" 

"It  is  very  remarkable  that  the  values  for  the  change  of  volume 
of  dissociated  substances  [dissolving  in  water]  are  extraordi- 
narily small,  being  considerably  smaller  than  the  molecular  vol- 
ume of  the  solid  substance.  In  some  cases  (e.  g.,  sodium  car- 
bonate, magnesium  sulphate,  zinc  sulphate),  they  are  even  nega- 
tive. It  seems,  therefore,  that  with  increasing  separation  of  ions, 
the  change  of  volume  has  in  general  a  marked  tendency  to  fall 
off;  this  may  be  seen  clearly  from  the  exact  measurements  of 
Kohlrausch  and  Hallwachs.  The  effects  hitherto  observed  can 
be  explained  most  easily  by  supposing  the  solvent  water  to  be 
strongly  contracted  by  the  presence  of  free  ions.  It  is  of  interest 
to  know  that  such  a  contraction  might  be  expected  from  the  elec- 
tric charges  of  the  ions ;  every  electric  liquid  must  suffer  a  con- 
traction if,  as  usually  happens,  the  di-electric  constant  increases 
with  pressure.  It  is  therefore  natural  to  suppose  that  the  ob- 
served contraction  of  water  by  dissolved  electrolytes  is  due  to 
the  electrostatic  field  of  the  ions ;  the  theory  of  this  electro- 
striction  by  free  ions  has  been  developed  by  Drude  and  Nernst.*^ 
This  electro-striction,  which,  according  to  firm  physical  princi- 
ples, must  always  be  present,  causes  therefore  a  contraction  of 
the  solvent ;  the  increase  in  internal  pressure  thus  brought  about 
will  not  be  distributed  equally  over  the  whole  solvent,  but,  on  the 
contrary,  will  be  very  great  in  the  immediate  neighborhood  of 
each  ion,  where  a  strong  potential  gradient  exists,  and  will  fall 
off  rapidly  at  a  short  distance  away.  In  many  respects,  however, 
the  solvent  will  behave  as  if  it  were  evenly  subjected  to  a  higher 
pressure.  In  this  way  we  arrive  at  a  very  simple  physical  inter- 
pretation of  the  internal  pressure  of  solutions." 

Kohlrausch*-  has  also  emphasized  the  idea  that  there  is  a  shell 
of  water  round  an  ion,  which  differs  to  some  extent  from  the 
rest  of  the  water.  Kohlrausch  makes  the  following  hypotheses: 
"About  every  ion  moves  an  atmosphere  of  the  solvent,  whose 
dimensions  are  determined  by  the  individual  characteristics  of 
the  ion.    The  atmospheres  of  multivalent  or  compound  ions  differ 

*»  Nernst:    Theoretical  Chemistry,  420   (1916). 
"  Zeit.  phys.  Chem.,    15,   79    (1894). 
*=Proc.  Roy.  Soc,  71,  338   (1903). 
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from  those  of  monatomic  ions.  Data  are  at  present  lacking  for 
a  more  complete  representation.  The  electrolytic  resistance  of 
an  ion  is  a  f  rictional  resistance  that  increases  with  the  dimensions 
of  the  atmosphere.  The  direct  action  between  the  ion  and  the 
outer  portion  of  the  solvent  diminishes  as  the  atmosphere  becomes 
of  greater  thickness."  One  of  the  conclusions  drawn  by  Kohl- 
ratvsch  from  these  premises  and  from  the  data  is  as  follows : 
"I  now  come  to  the  remarkable  relationship  between  the  mobility 
of  the  ions  and  their  temperature  coefficients.  This  first  led  me 
to  seek  a  general  explanation  for  the  electrolytic  resistance  in  the 
idea  of  a  water  atmosphere,  in  order  to  escape  being  compelled 
to  explain  this  otherwise  irreconcilable  fundamental  character- 
istic of  the  ions  as  a  deits  ex  machina.  Assuming  as  the  single 
fundamental  characteristic  of  each  univalent  monatomic  ion  the 
formation  of  a  water  atmosphere,  which  varies  according  to  the 
nature  of  the  ion,  the  mobility  of  the  complex  on  the  one  side, 
and  its  temperature  coefficient  on  the  other,  will  be  functions  of 
the  atmospheric  formations,  and  therefore  both  quantities  must 
hold  functional  relations  to  each  other.  We  know  too  little  of 
the  molecular  forces  at  present  to  attempt  to  describe  this  con- 
nection more  exactly.  But  for  the  case  in  which  the  water  shell 
is  so  thick  that  the  ion  exerts  no  force  beyond  it,  the  resistance 
to  motion  becomes  simply  a  matter  of  water  friction,  which  ex- 
plains the  fact  that  the  most  sluggish  ions  have  nearly  the  same 
temperature  coefficients  as  the  viscosity.  In  the  case  of  smaller 
aggregations,  we  must  remain  content  with  the  fact  that  we  have 
at  least  the  possibility  of  a  fundamental  explanation." 

If  one  admits  the  existence  of  special  water  films  around  the 
ions,  all  gradations  between  heterogeneous  aiid  homogeneous  sys- 
tems become  possible.  It  opens  up  all  sorts  of  fascinating  possi- 
bilities ;  but  now  is  not  the  time  to  discuss  them. 

Coming  back  to  definite  cases  of  contact  catalysis,  there  are 
several  instances  which  perhaps  call  for  a  word  of  comment.  In 
all  such  cases  as  the  decomposition  of  arsenic  hydride,  etc..  the 
reaction  takes  place  practically  completely  at  the  surface  of  the 
containing  vessel  and  not  in  the  mass  of  the  gas.  To  take  a 
single  case,  the  rate  of  decomposition  of  antimony  hydride  is 
accelerated  by  the  presence  of  metallic  antimony.*^    If  we  assume 

"Stock  and  Guttmann:    Ber.  deutsch.  chem.  Ges.,  37,  901;  Bodenstein:    1361  (1O04) 
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that  antimony  adsorbs  or  tends  to  make  antimony  vapor  condense 
upon  it,  the  catalytic  action  follows  at  once.  Another  case  which 
also  belongs  in  this  class  is  the  decomposition  of  silver  oxide  into 
silver  and  oxygen.  Lewis^^  has  shown  that  this  reaction  is  accel- 
erated by  silver.  At  first  sight  this  looks  like  the  catalytic  decom- 
position of  one  solid  by  another;  but  it  seems  impossible  that  the 
silver  should  act  at  a  distance.  It  is  probable,  therefore,  that 
we  are  really  dealing  with  the  decomposition  of  silver  oxide  vapor, 
in  which  case  the  reaction  differs  only  in  degree  from  the  decom- 
position of  stibnine. 

Taylor  and  Hulett*-^  have  shown  that  the  decomposition  of  mer- 
curic oxide  is  facilitated  by  finely-divided  platinum,  ferric  oxide, 
manganese  dioxide,  and  cadmium  oxide,  but  not  by  stannic  oxide 
or  alumina.  While  this  is  undoubtedly  an  adsorption  phenome- 
non, the  data  are  not  sufficient  to  enable  one  to  account  satisfac- 
torily for  the  details. 

The  general  conclusions  to  be  drawn  from  this  paper  are : 

1.  Only  those  substances  which  are  adsorbed  by  a  solid  are 
catalyzed  by  it. 

2.  While  the  catalytic  action  of  solids  may  be  solely  the  result 
of  the  increased  surface  concentration  in  some  cases,  this  is  not 
always  the  only  factor. 

■  3.  A  solid  catalytic  agent  may  be  considered  as  equivalent  to 
•  a  solvent  and  may  therefore  displace  the  equilibrium. 

4.  As  a  result  of  selective  adsorption  we  may  get  different  re- 
action products  with  different  catalytic  agents. 

5.  A  catalytic  agent  tends  to  produce  the  system  which  it  ad- 
sorbs the  more  strongly. 

Cornell  Uuivcrsitv. 
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President  C.  G.  Fink^  :  I  am  very  much  interested  in  the 
papers  presented  by  Prof.  Bancroft.  I  note  that  Prof.  Bancroft 
omiy:ed  any  allusion  to  a  paper  of  mine  published  ten  and  a  half 
years  ago.     (See  Zeit.  Phys.  Chem.,  vol.  60,  pp.  1-69  (1907).) 

"Zeit.   plivp.   Chem..  52,  310    (1905). 
"Tour.   Piu'S.   Chcni.,    17.    568    fl913'). 
'  Director  of  Research,  Chile  Exploration  Co.,  New  York  City. 
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As  Prof.  Bancroft  says,  ''Your  paper  on  adsorption  of  sul- 
phuric acid  anhydride  is  very  interesting,  but  at  the  time  it  ap- 
peared it  did  not  fit  in  with  the  Van't  Hoft'  ideas.  You  pubHshed 
it  too  soon.    Why  didn't  you  wait?" 

On  page  462,  Prof.  Bancroft  says :  "Since  contract  catalysis, 
involves  adsorption,  a  decrease  in  the  adsorption  will  mean  a 
decrease  in  the  reaction  velocity,  other  things  remaining  the 
same."  "Decrease  in  adsorption"  should  be  modified  to  read 
"a  decrease  in  the  adsorption  of  the  reacting  components,"  in 
contradistinction  to  the  reaction  product. 

A  decrease  in  the  adsorption  of  the  product  SO3  increased  the 
velocity.  That  is,  if  you  can  remove  the  SO3  in  some  way  or 
other  from  the  surface  of  the  platinum  as  fast  as  it  is  formed, 
the  reaction  velocity  will  increase.  The  velocity  of  the  formation 
of  SO3  from  SO^  and  O,  is  inversely  proportional  to  the  square 
root  of  the  concentration  of  the  SO3.  The  greater  the  SO3  con- 
centration and  the  thicker  the  SO.  film  through  which  fresh  quan- 
tities of  SOo  and  O.,  must  pass,  the  slower  the  reaction. 

On  page  463,  under  caption  10,  Dr.  Bancroft  says :  "Sulphur 
trioxide  decreases  the  rate  at  which  sulphur  dioxide  and  oxygen 
react."  This  is  so ;  but  I  think  No.  10  could  be  fitted  in  with 
No.  1  without  any  harm  . 

■  G.  C.  Given-  :  With  reference  to  the  catalytic  action  of  a  cop- 
per cathode  and  an  amalgamated  mercury  cathode,  respectively, 
on  the  reduction  of  nitric  acid,  I  cannot  quite  reconcile  the  ad- 
sorption theory  to  that ;  nor  can  I  think  it  is  due  to  a  difiference 
in  over-voltage.  With  a  copper  cathode  nitric  acid  is  reduced 
to  ammonia,  with  an  amalgamated  mercury  cathode  it  is  reduced 
to  hydroxylamine.     I  would  like  to  have  that  cleared  up. 

F.  E.  Carter^  :  I  am  afraid  I  am  not  a  specialist  in  the  sub- 
ject of  catalysis,  but  I  would  like  to  ask  Dr.  Bancroft  if  I  am 
correct  in  seeing  a  contradiction  in  the  two  statements — "A 
catalytic  agent  tends  to  produce  the  system  which  it  adsorbs  the 
more  strongly"  (conclusion  5,  page  490)  and  "Since  the  presence 
of  the  reaction  products  will  decrease  the  rate  at  which  the  react- 
ing substances  will  diffuse  to  the  catalytic  agent  and  since  the 

'  Chemist,  Atlas   Powder  Co.,  Tamaqua,   Pa. 

•  Physical  Metallurgist,  Baker  &  Co.,  Newark,  N.  J. 
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reaction  products  may  decrease  the  adsorption  of  the  reacting 
substances,  the  reaction  products  may  decrease  the  reaction 
velocity  if  they  are  not  removed"  (conclusion  8,  page  463).  Per- 
sonally, I  feel  that  if  the  products  are  not  adsorbed  they  will 
readily  escape  from  the  film  of  high  concentration  in  which  the 
reaction  is  taking  place,  and  more  of  the  products  will  continually 
be  formed. 

It  seems  to  me  that  the  terms  "factors"  and  "products"  would 
be  simpler  and  more  convenient  in  use  than  "reacting  substances" 
and  "reaction  products."  There  is  one  other  point.  We  know 
from  thermo-dynamics  that  in  gaseous  reactions  where  the  vol- 
ume of  the  "products"  is  less  than  the  volume  of  the  "factors," 
increase  in  pressure  shifts  the  equilibrium  so  that  more  of  the 
"products"  are  formed  ;  the  Haber  process  of  synthetic  ammonia 
is  an  example  of  this.  Now,  do  you  get  the  same  thing  in 
catalysis?  My  idea  of  catalysis  is  that  when  adsorption  takes 
place,  you  get  a  highly  concentrated  but  still  gaseous  film  around 
the  solid  material ;  from  analogy  with  the  effect  of  pressure 
change  on  gaseous  reactions,  I  would  expect  that  the  catalyst 
would  not  shift  the  equilibrium  where  the  volume  of  the  "prod- 
ucts" is  the  same  as  the  volume  of  the  "factors,"  and  indeed  that 
the  equilibrium  might  be  shifted  in  either  direction  according  to 
the  relative  volumes  of  "factors"  and  "products."  Is  this  the 
experience  in  investigations  on  catalysis? 

President  C.  G.  Fink:  That  is  a  very  good  point.  If  the 
SO_.  were  more  strongly  adsorbed  than  the  SO3,  we  would  ob- 
serve a  different  (apparent)  reaction  velocity  than  in  our  case, 
in  which  the  SO3  was  more  strongly  adsorbed  than  the  sulphur 
dioxide. 

Prof.  W.  D.  Bancroft  :  In  a  more  extended  series  of  papers, 
I  have  given  a  number  of  literature  references  which  are  omitted 
here,  and  among  those  I  have  given  references  to  some  work  done 
in  Bodenstein's  Laboratory.  I  did  not  give  any  reference,  I  am 
sorry  to  say,  to  Mr.  Fink's  paper.  He  gave  me  a  copy  of  it  the 
other  day,  and  it  should  have  been  mentioned,  because  he  had 
much  of  the  theory  worked  out  perfectly  clearly  more  than  ten 
years  ago.  The  only  explanation  I  have  for  forgetting  the  paper 
is  that  undoubtedly  I  did  not  know  at  that  time  how  good  it  was. 


PAPERS  OX   CATALYSIS.  493 

As  a  matter  of  fact,  if  Mr.  Fink  had  stayed  in  theoretical  work, 
instead  of  taking  up  technical  work,  I  think  our  knowledge  of 
colloid  chemistry  would  have  been  further  along.  People  were 
not  ready  for  what  he  told  us  then. 

Now,  as  regards  the  ammonia  and  the  hydroxylamine,  it  is 
unquestionably  not  a  question  of  voltage  alone.  I  do  not  know 
the  answer  now,  but  it  seems  to  me  quite  possible  that  hydro- 
xylamine is  adsorbed  by  the  mercury,  and  ammonia  by  the  cop- 
per. At  any  rate,  that  is  the  line  along  which  I  would  attack 
that  problem.  As  far  as  I  know,  no  other  explanation  has  been 
offered  at  the  present  time.  I  wrote  a  long  article  years  ago, 
calling  attention  to  the  facts  and  pointing  out  that  the  result  is 
the  same  whether  the  reaction  takes  place  "chemically  or  electro- 
chemically." 

The  other  statement  in  regard  to  the  adsorption  of  the  products 
does  not  seem  to  me  to  show  any  contradiction.  If  a  given  reac- 
tion product  is  adsorbed  very  strongly,  the  reaction  will  tend  to 
run  in  that  direction,  just  as  when  you  keep  vapor  pressure  or 
concentration  very  low,  the  reaction  will  run  to  an  end.  But  that 
does  not  prevent  the  fact  that  the  reaction  may  stop  in  case  you 
do  not  remove  the  reaction  product.  We  know  that  sulphur 
trioxide,  if  not  removed,  cuts  down  the  reaction  velocity.  Let 
us  take  a  case  where  the  adsorption  is  so  marked  that  we  see 
clearly  what  happens.  Platinum  causes  the  decomposition  of 
amygdalin,  and  the  prussic  acid  formed  poisons  the  platinum  and 
brings  the  reaction  to  a  standstill  so  soon  as  enough  prussic  acid 
is  formed.  Similar  phenomena  occur  in  enzyme  reactions.  An 
enzyme  will  not  necessarily  convert  an  indefinite  amount  of  a 
given  substance.  In  some  cases  there  must  be  an  approximate 
relation  between  the  amount  of  enzyme  and  the  amount  of  re- 
action product,  or  the  reaction  does  not  run  to  an  end.  These 
are  cases  where  there  is  marked  adsorption  and  where  the  re- 
action product  has  cut  down  the  rate  at  which  the  reaction  takes 
place,  just  as  sulphur  trioxide  does  in  the  contact  sulphuric  acid 
process. 

I  am  not  quite  sure  that  I  understand  the  bearing  of  the  ques- 
tion on  the  eflfect  of  pressure.  We  know  that  in  simple  cases, 
where  there  is  no  reaction,  the  amount  of  adsorption  of  a  gas 
increases  with  increasing  reaction  velocity  if  you  increase  the 
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pressure  under  which  your  gases  are  fed  in.  We  know  that  in 
the  case  of  the  Haber  process,  Haber  thought  that  an  increase 
of  pressure  was  desirable  because  the  reaction  takes  place  with 
contraction  of  volume.  That  is  right,  if  one  is  dealing  with  re- 
versible equilibrium.  I  am  inclined  to  think,  however,  that  the 
effect  of  the  higher  pressure  in  the  Haber  process  is  due  but 
slightly  to  that  cause,  and  is  due  largely  to  the  fact  that  higher 
pressure  increases  the  concentration  in  the  adsorption  film.  That 
is  immaterial  to  the  theory,  but  I  am  glad  it  was  brought  up,  since 
I  had  not  thought  of  that  side  of  that  possibility. 
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